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figures are brought together in a single report and ar¬ 
ranged in convenient form for easy comparison of the 
yields from these nitrogen carrying fertilizers. 


Total Yields of Grain in Pounds per Acre 



BIBLIOGRAPHY—Field Experiments on The Availability of Nitro¬ 
genous Fertilkers—Bulletin No. 260, N J. Agr. Exp. Sta. (1913)— 
J, G. Lipman and A. W. Blair. 

Field Experiments on The Availability of Nitrogenous Fertilizers, 
1908-1917—Soil Science, Vol. IX, pp. 371-392 (1920)—J. G. Lipman 
and A. W. Blair. 

Field Experiments on The Availability of Nitrogenous Fertilizers, 
1918-1922—Soil Science, Vol. XIX, pp. 57—79 (1925)—J G. Lipman, 
A. W. Blair and A. L. Prince. 

Field Experiments on The Availability of Nitrogenous Fertilizers— 
Soil Science, VoL XXVI, pp. 1-25 (1928)—J. G. lipman, A. W. Blair 
and A. L. Prince. 

AMERICAN CYANAMID COMPANY 

Pioneer Producers of Air Nitrogen Products in America 
53S FIFTH AVENUE NEW YORK 



(la writing to advertisers, please mention tiie Journal—it helps.) 





































A STUDY OF THE NATURE OF THE NITROGENOUS COMPOUNDS 
IN FUNGOUS TISSUE AND THEIR DECOMPOSITION 
IN THE SOIL 

A FLOYD HECK 
University of Wisconsin?' 

ReceivedJor publication August 16,1928 

The decomposition of organic matter in nature, especially the cellulosic 
portion, is largely accomplished by fungous activities and large amounts of 
mycelial tissue are formed. The fungous material is relatively high in nitrogen, 
which is obtained from the substrate, for the most part in the mineral form. 
As a result, much soluble inorganic nitrogen is changed to an insoluble organic 
form in the mycelial tissue. The nature of this nitrogen and the factors which 
govern its return to the inorganic form are made the subject of this study. 

OCCURRENCE AND QUANTITY OF SOIL FUNGI 

Mold growth in the soil has been observed for a long time. Perhaps Adametz 
(4) in 1886 was one of the first to isolate molds from the soil. Sixteen years 
later, in 1902, Oudemaus and Honing (78) isolated and described some 45 
species, and thus the first real study of soil fungi began. Following these 
early workers, the greater part of the investigations with soil fungi has been 
in relation to systematic studies. Jensen (58), Dale (23, 24), Waksman (109), 
and Abbott (1,2,3) have classified as many as 200 species of fungi living in the 
soil. Of this large number of species, those of Penicilliuin, Aspergillus , Mucor , 
Trichoderma, Cladisporium , Fusarium , and Rhizopus are found most often. 
More recently Gilman and Abbott (41) have compiled a summary of the soli 
fungi in which is gathered together most of the available material on their 
classification. 

Because of more favorable conditions with respect to oxygen and organic 
matter, soil fungi are found chiefly in the surface soil. Waksman (108) found 
few fungi below a depth of 12 to 20 inches, and on the plots at Rothamsted, 
Brierley (89) reported a rapid diminution in number as the depth increased. 
On the other hand Rathbun (86) reported fungi to a depth of 44 inches but 
believed that grubs and worms were in part responsible for this distribution. 

1 From the Departments of Agricultural Bacteriology and Soils. This work was supported 
in part by a grant from the special research fund of the University of Wisconsin. For the 
many valuable suggestions and criticisms received in the course of this investigation, the 
writer wishes to express his sincere gratitude to Dr. E. B. Fred and to Prof. A R. Whitson, 
under whose supervision this work was done. 
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Neither climatic nor soil conditions seem to be deciding factors in the distri 
bution of fungi, for Pratt (81) isolated many of the lower forms from the 
desert soils of southern Idaho, and Paine (79) found the same groups to pre¬ 
dominate in virgin soils. Geographically, the distribution of soil fungi is 
almost universal, for Waksman (109) isolated the same species in soils from 
North America, Europe, and the Hawaiian Isl a n ds. 

As it is impossible to count the soil fungi in situ , their est im a t ion is difficult 
as well as inacc urate. The dilution method has often been used, but this at 
best gives only a rough estimate of the number of spores and very little idea 
as to the actual amount of fungous tissue in the soil. The plate count for soil 
f ung i has been given as ranging from a few thousands to one or two mill ions 
per gram of soil, varying with the conditions. Brierley (89) found a sort of 
seasonal rhy thm on the manured plot at Broadbalk, the count being high in 
March or April and September or October and low in July and December. 
Waksman (112) showed that the presence of manure or other energy material 
increased the number of soil fungi. He found a range of 151,000 in a poor 
forest soil to 525,000 in a garden soil and 750,000 in a meadow soil. W ak s man 
and Starkey (121) have shown that organic matter or energy material added 
to the soil increases the number of microorganisms. They reported that 
dextrose increases the number of bacteria, and cellulose the number of fungi 
in the soil. Rye straw acts very much like cellulose. 

Conn (21, 22) and Waksman (112) have shown that fungi exist in the soil 
in the mycelial form as well as in the spore stage, and McLennan (71) has 
found that the plate counts are not correlated with the vegetative growth. 
If the conditions for vegetative growth are good, fewer spores are formed than 
under more adverse conditions and so the plate count shows a lower number 
under the better conditions, although in reality a greater quantity of fungous 
tissue is present. The amount of fungous material present in a soil, therefore, 
has little relation to the plate count. Brierley (89) estimated that there is 
about 60 pounds per acre of dry fungous material in the surface soil and that 
this carries approximately 6 pounds of nitrogen. 

ACTIVITIES OF SOIL FUNGI 

Relation to energy materials 

Fungi are non-chlorophyll bearing plants and must obtain their energy from 
materials already synthesyzed. This they do by means of enzymes which 
they secrete, A great many workers (18, 27, 28, 31, 83, 90, 92, 94, 111, 135) 
have investigated the enzymes of various fungi and have fbund that practically 
all of the common organic compounds are hydrolyzed by enzymes secreted by 
the fungi. The common sugars are readily utilized. It has been shown by 
several investigators (25, 45, 46, 64, 80, 87, 93) that the pentose sugars and 
the pentosans in organic materials are used as sources of energy by various 
groups of the fungi. Cellulose is one of the more resistant substances found 



NITROGENOUS COMPOUNDS IN FUNGOUS TISSUE 


3 


in nature and was originally believed to be hydrolyzed microbiologically only 
by the bacteria. A number of later workers (46, 48, 50, 69, 75, 91, 103, 118, 
120) have shown, however, that cellulose, either in the pure form or in the 
natural or crude state found in plant residues such as straw, roots, or bagasse, 
is hydrolyzed by filamentous fungi and used by them as a source of energy. 
It has also been shown (118) that nitrogen is necessary in this process for the 
metabolism of the organisms. Lignin is probably one of the most resistant 
substances found in organic residues. Waksman and Tenney (119) found the 
lignin unattacked by most soil microorganisms and were able to recover it 
almost quantitatively at the end of a 35-day incubation period. On the other 
hand, von Schrenk (94) has shown that even lignin is hydrolyzed and destroyed 
by the white rot fungus Polyporus juniperinus. Other substances such as 
j8-methylglucoside (36) and higher alcohols (76) have been shown to be used 
as sources of energy by fungi. 

Natural organic materials in the form of plant residues probably contain 
many if not all of these carbonaceous substances which are used as energy 
for the growth of the fungi. Wheat straw, for example, according to Waksman 
(113), contains 21.67 per cent pentosans, 34.27 per cent cellulose, and 21.21 
per cent lignin. It also contains water-soluble carbonaceous materials, and 
so furnishes an excellent source of energy for the fungi. 

Relation of fungi to nitrogen 

Soil microorganisms are concerned with nitrogen in three ways: first, the 
assimilation of free nitrogen; second, the transformation of organic to inorganic 
forms; third, the use of combined nitrogen in the production of cellular or 
mycelial substances. 

Fixation of free nitrogen . Among the early workers on the fixation of free 
nitrogen by soil fungi was Lipman (66) who reported a weak fixing power for 
species of Aspergillus and PeniciUium . Later workers (17, 42, 63), however, 
seem to be of the opinion that with the possible exception of mycorrhisa , there 
is no fixation of atmospheric nitrogen by soil fungi. Although Duggar and 
Davis (37) concurred in the general opinion of the latter workers their work 
seems to indicate that Phoma betae has a weak nitrogen fixing power. 

Ammonification . The power of soil fungi to hydrolyze nitrogenous organic 
materials, especially the proteins and amino compounds found in the organic 
matter, has been investigated by a number of workers (1, 62, 70, 108, 110, 
116) who have shown this property to be very general among the fungi. A 
great many of the fungi have the power to break down the proteins and to 
, liberate amino adds, or ammonia, or both. Thus the soil fungi play a very 
important r61e in this stage of the mineralization process. 

Use of nitrogen. It is generally conceded by most investigators (9,12,19, 
60, 82,118) that nitrogen is not only used by the fungi irf their growth but is 
also a necessary element in the formation of their substance. This nitrogen 
they may use in the inorganic form as nitrate, nitrite, or ammonia, or m the 
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various amino forms. Reduction of nitrogen has been shown, but there is 
very little evidence of denitrification or the loss of combined nitrogen from 
fungous activities. The use of nitrogen by fungi is always associated with the 
use of energy material and it has been pointed out (8,16,19, 48, 87, 98, 120) 
that this nitrogen, if not an absolute necessity in the decomposition of the 
cellulosic energy material, is an aid in this process and hastens the utilization 
of the cellulose by the fungi. The amount of nitrogen necessary in this de¬ 
composition process has been estimated by Waksman and Heukelekian (47, 
117,118) to be 1 part of nitrogen for every 30 to SO parts of energy material in 
the form of cellulose used by the fungi. This nitrogen is used in the building 
of mycelial tissue, and the amount consumed will vary somewhat with the 
organisms and its environmental conditions. 

The result of this use of nitrogen in relation to the utilization of energy 
material by microorganisms is seen under field conditions in the depression of 
nitrate nitrogen when the energy material of the soil is increased. A number 
of workers (5, 68, 74, 85, 95, 97, 99) have reported that when energy material 
in the form of plant residue, either tops or roots, is incorporated into the soil 
there is an immediate depression in the nitrate content. At first toxins were 
thought to be the cause of this depression but later investigations (13, 20, 
67, 106) seem to indicate that it is only a disturbance of the energy-nitrogen 
balance and that the nitrogen is not lost, but is used by the soil microorganisms. 

As a brief summary it may be stated that the soil fungi use the carbonaceous 
materials of the soil as energy for their growth and the soil nitrogen in building 
their mycelial tissue. If the ratio of energy material to nitrogen is decreased, 
soluble nitrogen is liberated, but if this ratio is increased, these organisms use 
up available nitrogen. It is then easy to believe that soil fungi are largely 
responsible for the rapid depression of mineral nitrogen when the energy supply 
of the soil is increased. 

COMPOSITION OP PUNGOUS JSIYCEUmi 2 

The composition of fungous tissue has been the subject of investigation for 
over a century. Perhaps the outstanding single contribution is the mono¬ 
graph by Zellner (136) in which he has compiled much of this material, espe¬ 
cially from the earlier works. The greater part this information, however, 
is of a general qualitative nature and only a limited amount of quantitative 
data is given. The reason for this may be seen in the fact that not only the 
quantitative but even the qualitative composition of fungous tissue depends 
much upon the environmental conditions of the organism during its period 
of growth. Zellner has shown that as a group the fungi contain about the 

l WhSe this article -was in press, a paper appeared by R. C. Thomas [Composition, of 
togas hyphae L The Fusaria . Amcr. Jour . Bof. IS: 537-547. (1928)] dealing with the 
composition of the hyphae of species of Fusaria. This author thmfcq that the outer covering 
of the hyphae is made up of a protein-poetic compound and a ceMose-fa tty-add complex with 
a basic skeleton of chitm. 
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same groups of compounds, with the possible exception of cellulose and lignin, 
as the higher plants. In the nitrogenous group they contain proteins of various 
kinds, amino acids, amines, basic nitrogenous and purine substances, urea, and 
lecithin, as well as certain toxic substances of an alkaloid nature. In the 
carbonaceous group may be mentioned glucose, trehalose, glycogen, pento¬ 
sans, mycodextran, paraisodextran, inulin, viscosin, chitin, organic acids, 
fats, higher alcohols, and a cellulosic carbonaceous material of unknown 
composition. 

Nitrogenous portion 

Because of variability in culture media, methods of analysis and species 
employed, the analytical data available for fungous tissue are more or less 
unsatisfactory from a quantitative standpoint. The carbon content of fungous 
tissue is rather constant but its content of nitrogen is quite variable. Analyses 
reported by Sieber (96), Maze (73), Peterson, Fred, and Schmidt (80), Heukel- 
ekian and Waksman (48), and the writer are given in table 1. 

These data indicate that the ratio of carbon to nitrogen of the mycelium, 
although rather stable and usually falling between 7 and 10 to 1, depends 
somewhat on the carbon-nitrogen ratio of the medium upon which the myce¬ 
lium is grown and may be greater than 20 to 1 where this ratio in the medium 
is very high. Waksman and Heukelekian (118) reported 45 per cent of carbon 
in the dry mycelium and a nitrogen content of from 4 to 8 per cent depending 
on the nitrogen content of the medium. From the results given, it appears 
that the nitrogen content of the mycelium decreases with a decrease in the 
nitrogen supply until it reaches about 2 per cent, after which a further decrease 
in the supply of nitrogen results in a decreased production of mycelium* The 
results of other workers are in accord with the data already given. 

The nature of the nitrogenous substances in fungous tissue is not definitely 
known. The following estimates made by Winterstein and Reuter (132) on 
the tissue of Boletus edtdis give some idea as to the kinds and amounts of the 
various substances: 

percent 


Moisture. 10 

Ether extract. 4 

(Fat 3.25 per cent, colesterin 0.5 per cent and lecithin) 

Alcohol extract. 12 

(Trehalose 3 per cent, sugar, lecithin, trimethyl-histidine, adenine, guanine, 
hypoxan thine, choline, alanine, leucine, purine bodies, bases, etc. 9 per cent) 

Water extract. 28 

(Glycogen 5 per cent, trehalose, purine bodies, bases, amino acids, ash, etc., 

23 per cent) 

Residue.......46 


(Protein 30 per cent, amorphous carbohydrates [paraisodextran] 10 per cart, 
and chitin 6 per cent) 

In Agaricus campestris, Winterstein and associates (133) estimated that 
51.9 per cent of the total nitrogen is protein nitrogen, 7.8 per cent basic nitro- 
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gen, and 40.3 per cent amino acid nitrogen. Supporting these figures Yoshi- 
mura and Kama (134) reported 60.26 per cent of the nitrogen in Cortindlus 
shiitake as protein nitrogen, 2.13 per cent as ammonia nitrogen, and 37.61 per 
cent as non-protein nitrogen. 

Besides the usual protein and amino acid compounds, urea has also been 
reported. Working with the mycelium of Lycoperdon pyriforme , Iwanoff (55) 
found that where the medium on which the organism is grown is high in 
nitrogenous and low in carbonaceous material, the total nitrogen of the mycel¬ 
ium is high (7.9 per cent) and the urea content may be as high as 4.3 per cent. 
When the reverse conditions are true the nitrogen content is low (4.3 per cent) 
and in this case no urea is found in the tissue. With Lycoperdon molle he 
found (51, 52) that the urea content increases very rapidly until just before 
the ripening stage, when it reaches its maximum, after which there is a sharp 
decline with usually little or no urea in the mature and ripened tissue. He 
(56, 57) also showed that Psattiota campestris may contain as much as 8.5 per 
cent of urea and that this organism is able to synthesize urea either from 
ammonium carbonate or from arginine. 

Carbonaceous material 

The carbonaceous matter seems to differ somewhat from the carbonaceous 
substances in ordinary plant materials, in that common sugar, starch, and 
lignin are not generally reported. Cellulose has been reported but there seems 
to be some question as to the exact nature of this substance in fungi. 

In the tissue of Boletus edtdis , Winterstein and Reuter (132) have reported 
trehalose, glycogen, and an amorphous carbohydrate, which they called 
“paraisodextran.” Dox and Neidig (34) treated the mycelium of PeniciUium 
expansum with hot water and extracted a polysaccharide which precipitated 
out as a white powder on cooling. This substances gives d-glucose on hydroly¬ 
sis and seems to have the same constitution as starch or cellulose but is not 
hydrolyzed by amylase. They called this substance “mycodextran” and 
expressed the opinion that it acts as a reserve carbohydrate when the sucrose 
in the medium is exhausted. Dox (30) showed that with Aspergillus niger the 
content of mycodextran reaches its maximum between 5 and 7 days, or when 
autolysis begins, at which time it may be as much as 4.5 per cent or more. 
Dox and Neidig (35) isolated another polysaccharide from the mycelium of 
Aspergillus niger which on hydrolysis gave galactose. This they called 
“mycogalactan.” 

The five carbon compounds as a group seem to be found in only very small 
quantities. Wichers and Tollens (125) studied 10 species of wood-destroying 
fungi and reported pentosans ranging in amounts from 2.61 to 6.73 per cent 
by Krober’s method. Ishida and Tollens (49) studied five species and re¬ 
ported pentosans from 2.58 to 5.11 per cent. Dox and Neidig (33) worked with 
six Aspergillus and Penicillium species and found that the pentosans in no 
case exceed 1.17 per cent, which is much lower than for the higher forms 
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reported by Wichers and Tollens. Schmidt, Peterson, and Fred (93) reported 
only about 1 per cent of pentosans in molds and found very little variation in 
the amount whether the molds were grown on xylose or sucrose, whereas 
Rege (87) found 7.82 per cent in the aerial portion of a Coprinus sp. grown on 
rice straw. 


Celliilosic material 

The cellulosic portion of fungous mycelium has been studied for more than 
a century and yet little is definitely known as to its chemical constitution. 
As early as 1811 Braconnot (IS) subjected the mycelium of certain of the edible 
fungi to lixiviation and to the cellulosic residue he gave the name “fongine.” 
Various attempts were made to identify this material with true cellulose. In 
18S9 Fremy (40) showed that in many species of fungi the cellulosic material 
is not soluble in Schweitzer’s reagent, which dissolves pure cellulose; he there¬ 
fore gave to this material the name “metacellulose.” As methods were de¬ 
veloped for the identification of cellulose it became more and more apparent 
that this cellulosic material which makes up such a large part of the fungous 
tissue is not cellulose but a somewhat similar cellulosic complex. After over 
three-quarters of a century of research along this line it remained for Winter- 
stein (127, 131) to show that this cellulosic complex contains nitrogen. His 
preparations from fungous tissue of various species, which he carefully freed 
from nucelin and albumen by treatment with caustic potash and Schulze’s 
reagent, contained from 2.5 to 3.9 per cent nitrogen. On hydrolysis with 3 
per cent sulfuric acid he (128) obtained d-glucose, acetic acid, and an undeter¬ 
mined nitrogenous organic substance. Later (129) he determined the combina¬ 
tion of nitrogen in this substance by boiling with concentrated hydrochloric 
add and obtained a chitosamine hydrochloride, CeHnOehfflk-HCl, which he 
called a glucosamine. He (130) finally isolated this chitinous material from 
Agaricus campestris and found its nitrogen content to be 6.24 per cent, a value 
agreeing fairly well with 6.01 per cent given for animal chitin, although in an 
earlier work (128) he reported nitrogen contents of this material of less than 
1 per cent in some cases and with many determinations ranging around 3 per 
cent. In working with Boletus edulis , Reuter ( 88 ) found a nitrogenous residue 
which gave no protein reaction but proved to be a glucosamine or chitinous 
substance. He also found a carbohydrate like hemicellulose. 

Chemists are prone to treat this chitinous material as a definite chemical 
compound and various formulas have been proposed for it. More recent 
workers (14,59) have determined that when a purified product from crab shells 
is hydrolyzed, it yields nitrogen, acetic acid, and glucose in the ratio of 1 : 1 : 1 . 
The latter authors have proposed that it is a polymer of four molecules of 
mono-acetyl-glucosamine, having a formula of C 32 H 54 N 4 O 21 , with the amino 
group joined to the glucose molecule on the one hand and to the acetyl group 
on the other. Whether this substance is always a definite chemical compound 
with one amino group to each glucose molecule or whether the nitrogen may 
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be more or less variable, being replaced in many cases by the -OH group of 
the glucose as it is in cellulose, is not definitely known. It would seem from 
the cellulosic nature of this substance that it may vary from the formula given 
above for chitin, which has a glucose-nitrogen ratio of 1:1, to that of cellulose 
which contains no nitrogen. The variable results of early workers and the 
variable nitrogen figures given by Winterstein point very strongly to the 
latter view. 

Little is known regarding the amount of this cellulosic material. Unpub¬ 
lished work done at the Forest Products Laboratories, Madison, Wisconsin, 
indicates that about half of the dry weight of the mycelium is left after the 
process of chlorination, but nothing definite is known as to the constitution 
of this material. Tanret (102) reported IS per cent of chitin in the mycelium 
of AspergiUus niger; Proskuriakow (84), 5.5 per cent in the fruiting bodies of 
Agaricus campestris; and Winterstein and Reuter (132) found 6 per cent of 
this material in the tissue of Boletus edulis . From the fruiting bodies of 
Lycoperdon pyriforme y Iwanoff (54) isolated an alcohol-insoluble material 
which yields glucosamine on hydrolysis. He (53) also reported viscosin from 
the same organism in amounts varying from 11 to 26 per cent. This material 
contains from 6.1 to 6.5 per cent of nitrogen and gives glucosamines on hydroly¬ 
sis. He considered this material along with the chitosans as an intermediate 
product in the synthesis of chitin from glucose. 

DECOMPOSITION AND NITRIFICATION OF FUNGOUS TISSUE 

Since the mycelial tissue of soil fungi probably makes up a large part of the 
microbial materials of the soil, the decomposition of this material and especially 
the change of its nitrogen to the inorganic form is a very important process in 
relation to soil fertility. Since the saprophytic soil fungi are unable to fix free 
nitrogen they must obtain this element from the combined nitrogen of the soil, 
either from solution or by the hydrolysis of organic nitrogenous compounds. 
In the use of soil nitrogen the fungi have a distinct advantage as compared to 
the higher plants in that the fungi are able to assimilate their nitrogen before 
it reaches the nitrate stage, which most green plants are unable to do. The 
fungi absorb the mineral soil nitrogen, quickly converting it into organic form, 
and thus it is removed from the sphere of availability for higher plants. 

Whether this nitrogen which has been stored up in the tissues of these 
organisms is again readily available for higher plants or whether it is more or 
less resistant and unavailable has been given little attention by research work¬ 
ers an<J very little is reported on the decomposition of fungous material 
Starkey (100) used the evolution of carbon dioxide as an index of the decompo¬ 
sition of organic matter in the soil and found that on decomposition a fungous 
material containing 3.84 per cent of nitrogen and 44.3 per cent of carbon evolves 
carbon dioxide to a greater extent than alfalfa meal and almost equal to dried 
blood. The alfalfa meal in this case contained 2.45 per cent of nitrogen and 
40.62 per cent of carbon, and the dried blood 9.61 per cent of nitrogen and 
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37.52 per cent of carbon. He reported 67 per cent of the carbon of the fungous 
material lost in 10 days. When nitrate nitrogen is added the decomposition is 
accelerated. Rege (87) found that when the mycelial tissue of a Coprimes sp., 
which contained 3.5 per cent of nitrogen, was placed in the soil at the rate of 
55 p.p.m. of nitrogen, the yields of mustard were inferior to those where dridd 
blood and ammonium sulfate containing equal quantities of nitrogen were 
used, and very little greater than the control. His figures are as follows: 

Control. 3.85 gm. mustard (dry) 

Ammonium sulfate. 7.40 gm. mustard (dry) 

Dried blood. 7.10 gm. mustard (dry) 

Coprimes sp. 4.70 gm. mustard (dry) 

This work indicates that the nitrogen in this fungous tissue does not readily 
respond to the process of nitrification and is therefore not easily made available 
for plant use, although this material contained 3.5 per cent of nitrogen, a 
figure rather high for a green manure. Falck (38) showed that the nitrogen in 
fungous tissue is not available for the use of flax, oats, or peas but that young 
pines are able to use this nitrogen, perhaps because of their association with 
mycorrhiza fungi. In his work, manure containing much energy material was 
present in the sand cultures, which may help to explain his results. 

In contrast to this work, Barthel and Bengtsson (10) very recently report 
that the mycelium of Aspergillus niger is readily decomposed and nitrified in the 
soil. Bierema (12) reported that from 0 to 40 per cent of the nitrogen in the 
tissue of Penicillium glaucum and Mucor racemosus is changed to nitrate in two 
months. He thinks that the older the culture and the more spores present, 
the slower the nitrification. The process of sterilization seems to decrease 
the rate of nitrate accumulation. 

No attempt is made to review all the literature dealing with fungi, but only 
that which applies particularly to the subject at hand. Lafar (65), Russell 
(89), Waksman (115), and Zellner (136) have each given good reviews of 
various phases of the literature on fungi. 

EXPERIMENTAL WORK 
SOURCES OF FUNGOUS MATERIAL 
Collection of fungous tissue from natural habitats 

Large quantities of fungous tissue were necessary for the decomposition 
studies and also for chemical analyses. Many species were used in order that 
conclusions might not be drawn from insufficient data. 

Attention was first directed to the many forms of the higher fungi found grow¬ 
ing in nature and commonly known as mushrooms. Collections were made 
during September, October, and November. These materials were all of the 
higher fungi, and the ones collected were mainly the gill forms. The tissue 
obtained was only the aerial portion, consisting of the stipe and the pileus 
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of the fruiting body. It was impossible to obtain the mycelial tissue or hyphae 
from the substrate in quantities sufficient for either chemical or nitrification 
studies. 

The fruiting or aerial portions were gathered, and while still fresh were 
separated from all foreign matter and washed with distilled water. They 
were then divided into small parts, placed on trays with screen bottoms, and 
the temperature quickly raised to 60°C. for a short time to stop the action of 
enzymes. The temperature was then lowered to about 40°C. and the material 
was quickly dried by means of an air current. It was later dried at 65°C. for 
48 hours and ground to pass a 40-mesh sieve. In two cases the stipes were 
separated from the pilei. 

The following species were collected from their natural habitats and the 
figures give the approximate amounts of dry material obtained: 


gm. 

1. SecoHum acuminatum Mont..500 

2. Marasmius oreades (stipes). 33 

3. Marasmius oreades (pilei). 75 

4. Lycoperdon pyriforme . 240 

5. Coprinus sp. (stipes). 140 

6 . Coprinus sp. (pilei). 60 

7. Pholiota adiposa . 100 

8 . CUtocybe multiceps . 310 

9. Fotnes igniarius . 200 

10. Polyporus graveolens* . 80 

* Species is questionable. 


These species are all members of the higher group of fungi and were collected 
during the rainy fall months. They were all found growing where there was a 
more or less abundant supply of cellulosic energy material in the substrate. 
The Pholiota, Pomes, and Polyporus species were collected from the dead 
stumps of trees. The other species were found growing either on the ground 
or on manure. The Coprinus sp. is one of the inky cap mushrooms and was 
collected from a manure heap. The Marasmius oreades is the fairy ring fungus 
which grows in more or less complete rings on the lawn. The rings range 
from 1 or 2 to 10 or 12 feet in diameter. The Secotium acuminaium was found 
growing on an earth-covered compost heap. The fruiting bodies were numer¬ 
ous and as large as three inches in diameter. The Cliiocybe multiceps and 
Lycoperdon pyriforme were found growing on pieces of decaying wood in the 
surface soil. All of these species were produced on a substrate low in availa¬ 
ble nitrogen and high in cellulosic energy material. 

Attempts were made to produce the higher forms on large artificial manure 
cultures. Large outdoor bins were packed with 1000 pounds of straw and 
treated with lime; lime and amm onium s ulfa te; lime, ammonium sulfate, and 
acid phosphate; and lime and legume hay. Large steel tanks were set up 
indoors and 100-pound quantities of chopped straw were treated in the same 
way. These artificial manure cultures produced a number of Coprinus sp. but 
not in sufficient quantities to be of any value. 
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Production of fungous tissue on synthetic liquid media 

Production in 1926 . Pure cultures of Aspergillus oryzae were first grown 
on a modification of Pfeifer’s solution as described by Steinberg (101). This 
medium was further modified to give three culture solutions of widely different 
carbon-nitrogen ratios. The culture solutions were made up by adding water 
and varying amounts of ammonium nitrate to a stock solution. 

Stock solution 


Sugar (sucrose). 100 gm. 

Mono-potassium phosphate. 10 gm. 

Magnesium sulfate. 5 gm. 

Ferrous sulfate... Trace 

Zinc sulfate. Trace 

Water. 1000 cc. 


Culture solutions 

1. High nitrogen solution (Carbon-nitrogen ratio = 6:1) 

Stock solution. 1000 cc. 

Ammonium nitrate. 20 gm. 

Water. 1000 cc. 

2. Medium nitrogen solution (Carbon-nitrogen ratio « 30:1) 

Stock solution. 1000 cc. 

Ammonium nitrate. 4 gm. 

Water. 1000 cc. 

3. Low nitrogen solution (Carbon-nitrogen ratio = 150:1) 

Stock solution. 1000 cc. 

Ammonium nitrate. 0.8 gm. 

Water. 1000 cc. 


Fifty-cubic centimeter portions of these solutions were placed in 12-ounce 
prescription bottles and sterilized at 15 pounds pressure for 30 minutes. They 
were then seeded with spores of Aspergillus oryzae and incubated in a hori¬ 
zontal position for 14 days at which time the pads were harvested. After 
being drawn from the bottles, the pads were placed in cold water and washed 
for an hour in several changes of tap water and finally in two or three changes 
of distilled water to free them from as much water-soluble material as possible. 
No doubt there was some loss of organic material from the broken hyphae. 
The pads were then dried at room temperature for 12 hours and finally in an 
oven at 37°C. This drying did not remove all of the water, for from 3.34 to 
6.25 per cent remained. The material was then ground to pass a 60-mesh 
sieve. 

The differences in the character of growth on the three solutions were very 
marked. The high nitrogen pads produced practically no spores, the medium 
nitrogen cultures fruited rather well, whereas those growing on the low nitrogen 
medium fruited profusely and rather early. In each case at the end of 14 days 
all of the sugar in the culture solution was consumed. 

Two spedes of the higher fungi, Coprinus radians and Psilocybe atamatoides , 
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were grown on a 6 per cent (by weight) malt extract medium made up from a 
malt extract having the following composition: 

per cent 


Maltose.51.02 

Dextrose. 10.94 

Albuminate... 3.11 

Nitrogen (Kjeldahl). 0.95 

Glycerine. 9.27 

Free add. 0.43 

Inorganic substance. 1.16 

Water. 22.47 


The mycelium was grown, washed, dried, and handled in much the same way 
as was that of the Aspergillus oryzae. This particular Coprinus radians will 
be designated as Coprinus radians {1926) to distinguish it from that later 
grown on a malt-sugar solution. 

Production in 1927 .—In later attempts to produce pure cultures of fungi on 
liquid media so that the entire mycelial structure could be obtained, it was 
found that the higher forms grew very poorly on any synthetic medium tried, 
and that best growth was secured with a malt solution. 

The lower forms, however, grew well on synthetic media, but each species 
of organism has its own particular requirements in the solution medium. 
After many trials a modification of the peptone nutrient medium of Klotz 
(61) was used for the production of Trichoderma lignorum and Aspergillus 
oryzae . 

Modified peptone nutrient medium 


Sucrose. 30 gm. 

Mono-potassium phosphate. 5 gm. 

Ammonium nitrate. 2 gm. 

Pqptone. 5 gm. 

Magnesium sulfate. 0.2 gm. 

Calcium sulfate. 0,2 gm. 

Ferrous sulfate... Trace 

Sodium chloride. Trace 

Phosphoric add. to pH 5 

Water. 1000 cc. 


The Trichoderma lignorum grown on this medium produced an average dry 
pad of about 590 mgm. per 50 cc. of solution. On this medium, growth was 
normal and very good, giving a thick pad with only light sporulation. On 
the contrary Pfeffer’s solution used in earlier work produced a very light 
pad and sporulated profusely. The Aspergillus oryzae did not grow so well 
on this solution as on Pfeifer’s. The average weight of dry pad was only about 
400 mgm. per 50 cc. of solution. This particular tissue of Aspergillus oryzae 
is designated as Aspergillus oryzae {1927). 

For the growth of the higher forms a malt-sugar solution was used. The 
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analysis of this malt extract has been given and the composition of the solution 
was as follows: 

Malt extract. 30 gm. 

Sucrose. 10 gm. 

Water. 1000 cc. 

On this solution were grown Coprimes radians and a Coprimes sp. (isolated 
from manure). The former species produced nearly a normal growth with 
some normal fruiting bodies and gave a dry pad weight of about 350 mgm., 
whereas the latter grew very poorly and gave a dry pad weight of between 180 
and 200 mgm. per 50 cc. of solution. 

This study seemed to indicate that if the fungi were grown on liquid media, 
a special solution would have to be found for each organism, as no two seem 
to give good growth with the same medium. Each solution with each organ¬ 
ism produces its own particular pH reaction. 

After removal from the medium the mycelial tissue was first washed and 
then dried, as previously explained, and ground to pass a 40-mesh sieve. Dry 
tissue of the four organisms grown in pure culture was obtained in the following 
approximate amounts: 


gm. 

Trichoderma lignorum . 100 

AspcrgiUus orysae (1927). 75 

Coprinus radians { 1927). 35 

Coprinus sp. 20 


CHEMICAL METHODS—SEPARATIONS 
Water-soluble and -insoluble fractions 

To secure the water-soluble and water-insoluble fractions of the fungous 
tissue and other organic matter, they were shaken with 60 cc. of water per 
gram of material and allowed to stand at room temperature with frequent 
shakings for 24 hours. They were then decanted through a C. S. & S. 589 
white ribbon filter and washed with 40 cc. of water per gram used. Since 
the amount of filterable material depends much upon the grade of filter and 
method of filtering, this procedure was used in all separations for culture 
work and for the analysis of the culture material. 

Dialization 

The dializable portion was obtained by placing 3 gm. of the dry fungous 
tissue in a collodion sack with 25 cc. of water. The sack was then closed and 
suspended in a cylinder containing 150 cc. of water, and gently rotated. The 
water was changed four times during a 24-hour period, and the total solution 
taken off contained the dializable portion. 

The contents of the sack were then placed in a beaker and diluted to 150 cc. 
with water, and after standing at room temperature a few hours were filtered 
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by suction through filter pulp on a Buchner funnel. The filter pulp and residue 
were returned to the beaker and this process was repeated twice. The filtrate 
contained the non-dializable portion of the water-soluble material. 

Alcohol- and alkali-soluble and -insoluble fractions 

It was found impracticable to use aqueous solutions, especially of sodi um 
hydroxide, where both the filtrate and the residue were to be saved. To obvi¬ 
ate this difficulty a 60 per cent alcoholic solution was used, and this was found 
to filter rather easily through hardened filter paper (C. S. & S.), with suction, 
both with the alcohol alone and with 0.05 N sodium hydroxide. Three grams 
of the material was digested at S0°C. in 100 cc. of the solvent for about 6 to 
12 hours, filtered, and washed once or twice. It was then returned to the 
beaker and again digested in this way twice more, the whole process covering 
a 24-hour period. The filtrates were placed together and concentrated to 
volume. 

The residue from the 60 per cent alcohol was then treated in the same way 
with 0.05 N sodium hydroxide in 60 per cent alcohol, giving in all three frac¬ 
tions, the alcohol-soluble, the alkali-soluble, and the residue, which were used 
for analysis. 

ANALYTICAL METHODS 

Total nitrogen. A modification of the Kjeldahl-Gunning method for total 
nitrogen wfts used in which mercuric oxide was the catalyst and sodium thio¬ 
sulfate introduced before distillation for the precipitation of the mercury. 

Ammonia nitrogen . Determinations were made by Harper’s (43) method 
of extracting the wet soil with 10 per cent potassium chloride solution and 
subsequent distillation with heavy magnesium oxide. The ammonia was 
absorbed in an excess of standard acid and after the distillate had been boijed 
and cooled the excess acid was titrated to neutrality with standard alkali, 
usipg methyl red as the indicator. 

Nitrate nitrogen . Harper’s (44) modified phenol-di-sulfonic acid method 
was used with slight changes. The soils were dried at 65 Q C. for 24 hours to 
eliminate the water factor; alum and a saturated solution of calcium hydroxide 
were used to secure flocculation. 

Amino nitrogen. Van Slyke’s (104, 105) method was used as outlined by 
Hawk. The apparatus used was equipped with a micro-pipette. 

Urea. A modification of Marshall’s (72) clinical method for urea was used. 
Methyl red was substituted for methyl orange, the solution made slightly 
acid with standard acid and after boiling, the excess was titrated with standard 
sodium hydroxide. 

Total carbon . Carbon was determined by the wet combustion method as 
given by the Association of Official Agricultural Chemists (7). The apparatus 
used was a very simple modification of that used by White and Holben (122) 
in their perfected method. This apparatus will be described in another paper. 
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The carbon dioxide was absorbed in 0.5 N sodium hydroxide, precipitated as 
the carbonate with neutral 2 N barium chloride and the excess sodium hydrox¬ 
ide titrated with 0.5 N hydrochloric acid, using phenolphthalein as the 
indicator. 

Carbon dioxide carbon. The carbon dioxide was absorbed and estimated as 
outlined for total carbon. Continuous aspiration over the surface of the soil 
was employed. 

ANALYSIS OF FUNGOUS TISSUE AND OTHER MATERIALS 

Materials grown in 1926 

The carbon and nitrogen contents of the fungous mycelia produced in 1926 
compare favorably with those given in table 1. The analyses of mycelium of 

TABLE 2 


Composition of pure cultures of Aspergillus oryzoe (1926), Psilocybe atamatoides and Coprinus 

radians (1926) 

Air dry material 



ASPEK.GILI.TJS ORYZAE (1926) 

1 

PSILOCYBE j 
AIAUA- 1 

COPRINUS 

RADIANS 


High* 

Medium* 

Low* 

TOIDES 

(1926) 

Moisture. 


per cent 

4.25 

per cent 

3.34 


per cent 

1.11 



7.19 

9.25 


4.97 

Total carbon. 

40.48 

41.10 

39.55 



Total nitrogen. 

6.42 

3.83 j 

1.89 

2.26 

3.21 

Water-soluble nitrogen. 

3.46 


0.89 

1.07 

1.65 

Average weight of pad, mgm.. 

672 

653 

290 

.... 

.... 

Carbon-nitrogen ratio of the tissue. 

6.3 

10.7 

20.9 

.... 

.... 


* Refers to the nitrogen content of the culture medium. The ratio of the carbon to nitro¬ 
gen in the high nitrogen medium was 6 to 1, in the medium nitrogen medium, 30 to 1, and in 
the low nitrogen medium 150 to 1. 


Aspergillus oryzae grown on Pfeffer’s solution and of Coprinus radians and 
Psilocybe aiamatoides grown on a 6 per cent malt extract solution are given in 
table 2. 

These data indicate three points that are borne out in subsequent work; 
(a) That the carbon content of the tissue is approximately constant, (6) that 
the nitrogen content varies inversely, and the ratio of carbon to nitrogen in 
the tissue directly, with the carbon-nitrogen ratio of the medium, and (c) that 
loughly half of the nitrogen in the dry fungous tissue is soluble in water. 

The relation of the nitrogen in the substrate to that in the fungous tissue is 
significant Vorbrodt (107) found that on a medium containing 1 per cent of 
a mm onium nitrate, mycelium of Aspergillus niger containing 7 per cent of 
nitrogen is produced. But when the ammonium nitrate in the medium is 
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reduced to 0.05 per cent the mycelium contains only 2 per cent of nitrogen. 
In table 2 the high nitrogen medium contained 1 per cent and the low nitrogen 
medium 0.04 per cent of ammonium nitrate. These have produced mycelial 
tissue of Aspergillus oryzae with approximately the same nitrogen contents as 
the tissues of Aspergillus niger reported by Vorbrodt. These data show that 
where the ratio of carbon to nitrogen is between 6 and 30 to 1, the weight of 
the tissue produced on the same amount of medium is approximately the same 
but more nitrogen is assimilated by the organisms from the high nitrogen med¬ 
ium. As the carbon-nitrogen ratio of the medium is raised above 30 to 1 the 
weight of the mycelium decreases much faster than the nitrogen in the tissue, 
and a minimum nitrogen content of about 2 per cent is maintained. There is 
little drop in the weight of the mycelial tissue until its ratio of carbon to nitro¬ 
gen reaches approximately 10 or 12 to 1. In this respect the fungi are much 
like the higher plants, as they are able to adjust their growth and nitrogen 
content to the supply of available nitrogen. 

The nitrogen of the dry mycelial tissue is approximately 50 per cent soluble 
in water. With the Aspergillus oryzae there is a tendency for the tissue of 
highest nitrogen content to have the greatest solubility. Vorbrodt found the 
same to be true of Aspergillus niger. 

Materials for carbon evolution and plant culture studies 

Tables 3, 4, and 5 give the percentages of carbon and nitrogen in all of the 
materials used in the experimental work on the evolution of carbon dioxide 
and nitrate accumulation in soils and also in the plant culture work. Here 
again it will be noted that the carbon content of the materials is rather constant, 
with few exceptions falling between 41 and 44 per cent. As with the - Asper¬ 
gillus oryzae in table 2, the nitrogen content and the ratio of carbon to nitrogen 
vary greatly, depending on two factors, the carbon-nitrogen or rather the 
energy-nitrogen ratio of the substrate and the species of the organism. This 
variation of nitrogen content is not only true in the forms grown on synthetic 
media but is also true of the forms collected from their natural habitats. 
It is remarkable that the puffball, Lycoperdon pyriforme , growing on a piece of 
rotting wood in a very poor soil, should have a nitrogen content of over 5 
per cent. The same is true of Marasmius oreades , which, growing in competi¬ 
tion with lawn grass, has a nitrogen content of about 7 per cent. 

As compared with plant material, most of the fungous tissue is high in 
nitrogen even though the tissue is produced on substrate of low nitrogen 
content. Although the pilei of the higher fungi contain more nitrogen than the 
stipes, the latter are higher in that element than ordinary plant tissue. The 
high nitrogen content of the mycelial tissue of the fungi indicates a rapid as¬ 
similation of nitrogen and this together with the fact that the fungi are able, 
to use their nitrogen in the ammonia form makes it practically impossible for 
green plants to assimilate soil nitrogen when energy material and fungi are 
present in the soil. 
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The water solubility of the fungous nitrogen varies greatly with the species 
and with the substrate upon which the tissue is produced. The solubility 
of the nitrogen in water varies from a little less than half, in the Aspergillus 


TABLE 3 

Carbon and nitrogen content of organic materials and fungous tissues 
Air-dry material 


MATERIAL 

CARBON 

NITROGEN 

Ammonium sulfate. 

per cent 

per cent 

21.05 

"Rlood . . 

46.8 

14.74 

Cottonseed meal. 

44.6 

6.64 

Alfalfa. Bay .... 

43.7 

2.58 

Timothy hay. 

44.5 

44.4 

1.19 

Straw ( mixed grain ) . 

1.04 

Saccharomyces cerevisiae . 

43.8 

9.53 

Trichoderma lignorum . 

44.4 

5.13 

Aspergillus oryzae (1927). 

41.9 

4.58 

Aspergillus oryzae (1926 Med. N). 

41.1 

3.83 

Coprinus radians (1927). 

41.2 

2.27 


TABLE 4 

Carbon and nitrogen content of higher fungi collected from their natural habitats 
Air-dry material 


MATERIAL 

CARBON 

NITROGEN 


per cent 

percent 

Secoiium acuminatum . 

41.2 

7.71 

Marasmus oreades (pilei). 

42.4 

7.10 

Marasmius ortades (stipes). 

41.8 

6.37 

Coprinus sp. (pilei). 

42.2 

6.42 

Lycoperdon pyriforme . 

42.5 

5.04 

Coprinus sp. (stipes). 

38.8 

4.00 

Pholiota adiposa . 

41.7 

3.84 

Clitocybe multiceps .:. 

40.6 

3.74 

Pomes igniarius. .. 

44.3 

1.71 

Pdyporus graveolens . 

41.7 

1.56 


oryzae (1926 medium, nitrogen), to about five-sixths, in the Clitocybe multiceps. 
With cottonseed meal only a small part is water-soluble and with alfalfa hay 
approximately two-fifths is dissolved in water. 
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Distribution of carbon and nitrogen in fungous tissue 

The tissues of Lycoperdon pyriforme and Trichoderma lignorum, which repre¬ 
sent different forms produced under widely different conditions, were used 
throughout this work. The former is one of the higher forms found growing 
in nature on rotting wood and the latter is one of the molds or lower forms 
produced on a synthetic liquid culture medium. 

These tissues were separated into fractions by two methods; first, by water 
solubility, in which the dializable, the water-soluble non-dializable, and the 
water-insoluble fractions were obtained, and second, by alcohol and alkali 
solubility, in which the alcohol- and alkali-soluble and the alkali-insoluble 
fractions were obtained. Tables 6 and 7 give a summary of this work. 


TABLE 5 

Carbon and nitrogen content of the water-soluble and water-insoluble fractions of various materials 

Air-dry material 


MATERIAL 

CARBON 

NITROGEN 

Cottonseed meal, water-soluble. 

per cent 

7.1 

per cent 

0.74 

Cottonseed meal, water-insoluble. 

37.6 

5.90 

Alfalfa hay, water-soluble. 

12.9 

1.05 

Alfalfa, hay, water-insoluble. 

30.8 

1.53 

Lycoperdon pyriforme , water-soluble. 

17.2 

2.83 

Lycoperdon pyriforme , water-insoluble. 

25.3 

2.21 

Lycoperdon pyriforme , 0.3 per cent NaOH insoluble. 

18.1 

1.72 

Trichoderma lignorum, water-soluble. 

19.7 

3.48 

Trichoderma lignorum } water-insoluble. 

24.7 

1.65 

Clitocybe multiceps , water-soluble. 

21.4 

3.15 

Clitocybe multiceps, water-insoluble. 

19.2 

0.59 

Clitocybe multiceps , 0.3 per cent NaOH insoluble. 

15.1 

0.60 

Aspergillus orysae (1926 Med. N), water-soluble. 

5.7 

1.73 

Aspergillus oryzae (1926 Med. N), water-insoluble. 

35.4 

2.10 



In both of the species reported, over half of the weight of the material and 
from SO to 70 per cent of the nitrogen is soluble in water, which is in accord with 
the work of Vorbrodt (107) with Aspergillus niger . Of this water-soluble 
nitrogen less than 10 per cent is non-dializable and approximately half is in 
the free amino form. These facts indicate that the nitrogen of the water- 
soluble fraction is made up of very simple proteins and amino acids. The 
higher water solubility is in the less mature tissue of Trichoderma grown on 
liquid culture medium, and indicates that age and amount of available nitrogen 
affect the solubility of the nitrogen in the tissue. 

The alcohol-soluble portion is not so large as the water-soluble fraction but 
has about the same proportion of amino nitrogen. The alkali-soluble fraction 
makes up from 45 to 60 per cent of the total nitrogen and is less simple than 
the water-soluble fraction, being only 10 to 15 per cent amino nitrogen. This 
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fraction shows more complex proteinaceous materials which are not water- 
soluble. From 16 to 18 per cent of the nitrogen in the tissue is insoluble in 


TABLE 6 

Distribution of carbon and nitrogen in the tissue of Lycoperdon pyriforme 
Calculated in 1 gm. of air-dry material 


TRACTION 

WEIGHT 

OP 

MATERIAL 

CARBON 

TOTAL NITROGEN 

AMINO-NITROGEN 


mgm. 

mgm. 

mgm. 

per cent 

mgm. 

per cent 

Total (original sample)f. 

1,000 

425 

50.4 




Water-soluble fraction 







Dializable. 

430 

162 

24.3 

48.2 

10.25 

42.2 

Non-dializable. 

mm 

31.5 

2.62 

5.2 

1.69 

64.5 

Water-insoluble fraction*. 

Ei 

231.5 

23.5 

46.6 



Alcohol-soluble fraction}:. 

375 

140.6 

18.0 

35.7 

9.14 

50.8 

Alkali-soluble fractions. 

148* 

92.6 

23.12 

45.9 

3.28 

14.2 

Alcohol- and alkali-insoluble fraction... 

451 

175.5 

9.25 

18.3 



Loss. 


16.3 

0.03 

0.1 




* By difference, 
f Moisture 2.61 per cent. 

1 60 per cent alcohol. 

§ 0.052V sodium hydroxide in 60 per cent alcohol after the alcohol-soluble fraction was 
removed. 


TABLE 7 

Distribution of carbon and nitrogen in the tissue of Trichoderma lignormn 
Calculated in 1 gm. of air-dry material 


TRACTION 

WEIGHT 

OF 

MATERIAL 

CARBON 

J 

TOTAL NITROGEN 

AMINO-NITROGEN 


mgm. 

mgm. 

mgm. 

percent 

mgm. 

percent 

Total (original sample). 


444 

51.3 




Water-soluble fraction: 







Dializable. 

416.4 

177.6 

33.17 

64.6 

15.65 

47.1 

Non-dializable. 

97.1 

38.0 

2.59 

5.05 

1.31 

57.5 

Water-insoluble fraction*. 

486.5 

228.4 

15.54 

30.35 



Alcohol-soluble fractionf. 

237.6 

105 

9.2 

18.0 

5.68 

61.7 

Alkali-soluble fraction}:. 


124.2 

32.2 

62.8 

2.96 

9.2 

Alcohol- and alkali-insoluble fraction_ 

344.8 

137.9 

8.36 

16.3 



Loss. 


76.9 

1.54 

2.9 




* By difference. 

160 per cent alcohol 

10.052V sodium hydroxide in 60 per cent alcohol after the alcohol-soluble fraction was 
removed. 


0.05 N sodium hydroxide. This may be reduced somewhat by using stro ng er 
alkali, but usually from 12 to 15 per cent of the fungous nitrogen re mains in 







































NITROGENOUS COMPOUNDS IN FUNGOUS TISSUE 


21 


the alkali-insoluble residue. The form of this nitrogen is not known, but it 
must be of a more or less complex protein nature with perhaps some chitinous 
forms. This residual material is no doubt one of the contributing factors men¬ 
tioned by Waksman (114) in the composition of soil humus. 

Although Iwanoff (51, 52, 55, 56, 57) has reported as much as 8.5 per cent 
of urea in Psalliota campestris , and 4.3 per cent in Lycoperdon pyriforme , none 
could be found in either the Lycop&rdon pyriforme or the Trichoderma lignorunt 
use4 in this work. 

On the whole it appears from the data given and from the work of other 
investigators, that much of the nitrogen in fungous tissue is readily soluble in 
water and of a simple nature. Although the insoluble residue may con tain 
some chitinous nitrogen, the amount is small and cannot possibly be of any 
considerable importance in the mineralization of fungous nitrogen. 

LABORATORY AND GREENHOUSE WORK ON THE AVAILABILITY OF FUNGOUS 

NITROGEN 

Nitrification studies 

It has already been shown that the fungi and particularly those forms living 
in the soil use much inorganic nitrogen and convert it into organic forms in 
their tissue. The amount of nitrogen in fungous material is variable and rela¬ 
tively high. It is approximately half soluble in water and largely of simple 
structure. In order to study the return of this nitrogen to the inorganic form 
and the factors which govern this mineralization process, three sets of experi¬ 
ments were carried out: first, nitrification studies on fungous tissue of the 
same species with varying nitrogen contents; second, nitrification studies of 
various species with a study of the carbon relations; and third, a study of the 
assimilation of the nitrogen from fungous tissue by higher plants. In the first 
part, the tissues of Aspergillus oryzae (1926), Coprinus radians (1926), and 
Psilocybe atamatoides were used. 

The air-dned material as well as the living pads as they were removed from 
the wash water, were placed in 1200 gm. portions of sifted and well-mixed 
Miami silt loam at the rate of 2 tons (2.4 gm. per pot) of dry material per acre. 
As this soil was acid (pH 5.8), precipitated calcium carbonate was added at 
the same rate. The moisture was made up to 20 per cent and held constant. 
The work was carried out in half-gallon earthenware pots with incubation at 
23°C. , 

The tissue of AspergtUus oryzae used in this work was added to the soil 
in six different forms as follows: 

1. Living mycelium; the living tissue on being removed from the wash water was divided 

into s m all pieces and placed directly into the moist soil. 

2. Living mycelium dried after 20 days; same as no. 1 but after bring in the soil for 

20 days the entire soil mass was spread out and air-dried for 48 hours. It was then 

returned to the pot and made up to its original moisture content. 

3. Sterilized mycelium; the dry tissue was sterilized at 15 pounds steam pressure for 

45 minutes before being placed in the soil. 
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4. Dry mycelium; the tissue was dried at 65°C. for 48 hours before being placed in 

the soil. 

5. Water-soluble fraction; the water-soluble fraction of no. 4. 

6. Water-insoluble fraction; the water-insoluble fraction of no. 4. 

In the Aspergillus series there were some variations in the amounts of nitrogen 
and dry matter where the living materials were added. Whole pads were used 


TABLE 8 

Number of bacteria per gram of soil according to plate count 


TREATMENT PER POT 

ASTSa 30 DAYS 

AITEB. 40 DAYS 

Controls . 

minions 

16.3 

millions 

14.4 

Controls, dried after 20 days*. 

8.0 

18.8 

Aspergillus oryzae, 6 . 42 per cent N 
living mycelium, 4 pads... 

61.6 

92.6 

Dried after 2ft Hays. 

92.6 

Sterilized mycelium, 2.4 gm. 

126.0 

265.0 

Dry mycelium, 2.4 gm... 

106.0 

184.3 

Water-soluble fraction. 

49.0 

34.3 

Water-insoluble fraction. 

79.0 

105.3 

Aspergillus oryzae , 3.38 per cent N 
living mycelium, 4 pads. .. 

59.0 

100.6 

Dried after 20 days . 

157.6 

Sterilized mycelium, 2.4 gm . 

132.0 

271.0 

Dry mycelium, 2.4 gm. . 

101.0 

240.3 

Water-soluble fraction . 

27.0 

42.3 

Water-insoluble fraction . 

86.3 

202.6 

AspergiUus oryzae, 1.89 per cent N 

Living mycelium, 8 pads . 

67.0 

109.6 

Dried after 20 days . 

110.6 

Sterilized mycelium, 2.4 gm . 

117.0 

176.0 

Drv mycelium, 2.4 gm T ... 

106.0 

245.6 

Water-soluble fraction . 

23.0 

41.0 

Water-insoluble fraction . 

92.0 

95.0 

21.7 

Wheat Straw 

Finely ground, 2.4 gm ... 

31.0 



* After 20 days, the contents of the pots were removed, air dried for 48 hours, and returned. 


and their dry weights were not exactly the same as those of the dry materials. 
The amounts of nitrogen added are given in table 9. 

McLennan (71) has very recently shown that the air drying of fungous 
tissue kills the vegetative hyphae but that this treatment has no effect upon 
the spores. When a soil containing living fungous hyphae is air dried, as in 
the case of no. 2 above, it is reasonable to expect that this tissue will be killed. 
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TABLE 9 

The accumulation of nitrate nitrogen from decomposing fungous tissue in soil 
Calculated in 100 gm. of soil 


TREATMENT PER POT 

NITRO¬ 

GEN 

ADDED 

NITRATE NITROGEN 
RECOVERED 

PERCENTAGE OF NITRO¬ 
GEN RECOVERED 

20 days 

40 days 

80 days 

20 days 

40 days 

80 days 


mgtn. 

mgtn. 

mgtn. 

mgtn. 

percent 

percent 

percent 

Aspergillus oryzae , 6.42 per cent N 








Living mycelium, 4 pads. 

14.83 

8.4 

9.5 

11.2 

56.5 

63.8 

75.3 

Dried after 20 days. 

14.83 

8.5 

9.6 

10.9 

57.3 

64.7 

73.4 

Sterilized mycelium, 2.4 gm. 

12.84 

4.54 

5.3 

6.0 

35.4 

41.2 

46.7 

Dry mycelium, 2.4 gm. 

12.84 

6.2 

6.8 

7.6 

48.3 

52.9 

59.4 

Water-soluble fraction. 

6.92 

4.96 

5.0 

4.93 

71.6 

72.2 

71.3 

Water-insoluble fraction. 

5.92 

0.96 

1.44 

1.8 

16.2 

24.3 

30.2 

Aspergillus oryzae , 3.38 per cent N 








Living mycelium, 4 pads. 

9.14 

2.31 

3.62 

4.17 

25.2 

39.6 

45.8 

Dried after 20 days. 

9.14 

2.16 


3.46 

23.6 

32.8 

37.8 

Sterilized mycelium, 2.4 gm. 

7.66 


1.12 

mm 

6.9 

14.7 

19.4 

Dry mycelium, 2.4 gm. 

7.66 

11103 


Ha 

13.2 

19.6 

32.7 

Water-soluble fraction. 


1.96 

kS 

2.15 

57.7 

58.9 

63.3 

Water-insoluble fraction. 

4.26 


0.37 



8.8 

15.5 

Aspergillus oryzae , 1.89 per cent N 








Living mycelium, 8 pads. 

3.73 

-0.62 

0.67 


.... 

17.9 

26.7 

Dried after 20 days. 

3.73 


0.37 


.... 

9.8 

16.1 

Sterilized mycelium, 2.4 gm. 

3.78 

-1.84 

-0.77 

0.15 

.... 

.... 

4.0 

Dry mycelium, 2.4 gm. 

3.78 

-1.86 

-0.97 


.... 

i 

.... 

Water-soluble fraction. 

1.78 

0.81 

0.87 


45.4 

49.2 

56.3 

Water-insoluble fraction. 



-1.43 

-0.67 

.... 


.... 

Wheat straw 








Finely ground, 2.4 gm. 


-2.43 

-1.92 

-1.35 

.... 

.... 

.... 

Psilocybe atamatoides 








Dry mycelium, 2.4 gm. 

4.52 

-1.03 



.... 

.... 

.... 

Water-soluble fraction.. 

2.14 

0.50 



23.3 



Water-insoluble fraction. 

2.37 

-1.22 




.... 

.... 

Coprinus radians (1926) 








Dry mycelium, 2.4 gm... 

6.42 

1.09 



17.0 



Water-soluble fraction. 

3.30 

1.79 



54.2 



Water-insoluble fraction. 

3.12 

0.11 



3.85 


.... 


— means below the control. 


Its decomposition will then be the same as that for dead tissue. The data 
given in tables 8 and 9 and also shown graphically in figures 1 and 2 show the 
effects of these various treatments upon the nitrification of fungous tissue. 
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Number of bacteria and amount of fungous growth 

After 30 and 40 days, bacterial counts of these soils were made on 0.1 per 
cent nutrose (sodium caseinate) agar. Table 8 shows the number of bacteria 
per gram of soil for the various treatments including wheat straw at the rate 
of 2 tons per acre. 



Fig. 1. Relative Bacterial Counts from the Tissue of Aspergillus oryzae after 

40 Days in the Soil 

1. Fungous tissue incoiporated in the soil in the living state. 

2. Same as no. 1, but at the end of 20 days the entire soil mass was spread out and air-dried 
for 48 hours. 

3. Sterilized at 15 pounds steam pressure for 45 minutes before being placed in the soil. 

4. Fungous tissue dried at 65°C before being placed in the soil. 

5. Water-soluble fraction of no. 4. 

6. Water-insoluble fraction of no. 4, 
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The number of bacteria ranged from 14.4 millions per gram of soil in the 
control to as high as 271 millions per gram where the mycelial tissue was 
sterilized with steam before its addition to the soil. The data in table 8 
indicate that the number of bacteria are in direct relation to the amount of 
energy material suitable for their growth. Waksman and Starkey (121) have 
shown that glucose increases the number of bacteria in the soil and that cellulo- 
sic materials increase the amount of fungous tissue produced. The lowest 
bacterial count for any treatment was that for wheat straw, a substance low 
in soluble material but high in cellulosic energy material. In this case how¬ 
ever, there was a very heavy mold growth in the soil. The dry mycelial tissue, 
on the other hand, gave high counts because of its high content of water-soluble 
energy material in the forms of the simpler carbohydrates, proteins, and 
amin o acids. When the tissue was sterilized, the count was still higher 
because of the hydrolysis of some of the more complex substances. Living 
tissue gave a lower count than the dead tissue, there being less immediately 
available energy substance. The number of bacteria produced from the 
dry mycelium is approximately equal to the sum of those produced from its 
fractions. Figure 1 shows the relative number of bacteria produced from 
the various tissues of Aspergillus oryzae. 

The amount of fungous material produced for each treatment could not be 
measured, but observation indicated heavy mold growth on all treatments 
where cellulosic or insoluble materials were added. The controls and the 
water-soluble fractions gave no noticeable fungous growth. The live tissue 
continued its growth from the energy in its own system but the dead tissue 
was immediately attacked by the saprophytic soil fungi and the entire soil was 
filled with their hyphae. There is no particular correlation between the 
number of bacteria and the amount of fungous hyphae produced, each develop¬ 
ing independently of the other but depending upon the amount and kind of 
energy materials present. This is directly in line with the work of Fleming 
(39) who found that the development of bacteria and fungi in a soil depends 
upon the presence of organic matter, and that there is no evidence of a depress* 
ing effect of one upon the other, but that the relative abundance of the two 
groups depends upon their relative ability to utilize the energy materials 
present. 


Accumulation of nitrate nitrogen 

After intervals of 20, 40, and 80 days the accumulation of nitrate nitrogen 
from fungous tissue was determined. These data together with the per¬ 
centages of the availability of the fungous nitrogen are given in table 9. 

It is apparent that the more nitrogen added per unit of material the higher 
the availability of the nitrogen. This results from the fact that a given amount 
of energy material requires a certain amount of nitrogen for its decomposition, 
and any nitrogen in excess of this amount is liberated as nitrate. The figures 
show that from 200 mgm. of the dry tissue of Aspergillus oryzae in 100 gm. of 
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ITtedium nitrogen mycelium 



Fig. 2. Relative Availability op the Nitrogen m the Tissue op Aspergillus oryzae 
apter 80 Days in tee Soil 

1. Fungous tissue incorporated in the soil in the living state. 

2. Same as no. 1, but at the end of 20 days the entire soil mass was spread out and air-dried 
for 48 hours. 

3. Sterilized at IS pounds steam pressure for 45 minutes before being placed in the soil. 

4. Fungous tissue dried at 65°C. before being placed in the soil. 

5. Water-soluble fraction of no. 4. 

6. Water-insoluhle fraction of no. 4. 
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but if it contains more than this amount, nitrate nitrogen is formed to the 
extent of the excess. 

The nitrogen in living fungous tissue placed in the soil in the absence of other 
energy material is even more available than that in dead tissue. Drying at 
the end of 20 days tends to lessen the amount of nitrogen made available as 
nitrate. Observations indicate that in the living state fungous growth is 
continued and the energy for that growth in the absence of other energy ma¬ 
terial is derived from its own tissue through its autolysis. Dox (29, 30) and 
Dox and Maynard (32) found that when the energy material is exhausted from 
a culture medium, the organisms begin to autolize, using the energy from their 
own systems and liberating part of the nitrogen which they contain. The 
dry and sterilized tissues, both of which are dead, have a lower nitrogen avail¬ 
ability than the living tissue. This is perhaps due to the heavy growth of 
saprophytic fungi on these tissues, although this is not true of the living 
material. 

The water-soluble material from the fungous tissue has a higher nitrogen 
availability than either the water-insoluble or the total and its availability 
reaches its maximum in 20 days with no increase up to 80 days. This rapid 
nitrification is in accord with the findings of Whiting and Richmond (124), 
working with the parts of the sweet clover plant, that the roots, which contain 
large amounts of water-soluble material, nitrify much more rapidly at first 
than the leaves or stems. The water-soluble fungous nitrogen gives a high 
availability due largely to low cellulosic energy material and low fungous 
growth. The algebraic sum of the nitrogen not liberated from the water- 
soluble and water-insoluble fractions for any given period approximate that 
not liberated from an equal amount of the total tissue, and in every case the 
.high energy residue has the low availability which is most marked in the low 
nitrogen tissue. 

There is very little correlation of the availability of nitrogen with the 
number of bacteria but rather with the presence of energy material and more 
particularly with fungous growth. When the energy material is high and of 
such a nature as to produce a heavy fungous growth, the nitrogen availability 
is low. This is true in every case under observation in this work. It seems 
logical to believe that cellulosic energy materials in the soil cause the growth 
of saprophytic fungi and that these organisms use nitrogen in proportion to 
their growth or in proportion to the energy materials used, liberating only the 
nitrogen in excess of that necessary to balance this energy factor. 

Figure 2 shows graphically the availability of the nitrogen in the tissue of 
Aspergillus oryzae and also that part of the nitrogen held insoluble after 80 
days in the soil because of the energy factor. 

EVOLUTION OF CARBON DIOXIDE AND ACCUMULATION OF NITRATE NITROGEN 

It has already been shown that the ratio of carbon to nitrogen in the tissue 
is an important factor in the mineralization of fungous nitrogen, but there are 
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indications that it is not the only factor operating in this process. * In order 
to study the relation of carbon to the formation of nitrates from fungous tissue 
a nd other sources of organic nitrogen, a second series of nitrification tests were 
carried out in flasks in the following manner: 600-gm. portions (dry weight) 
of a sandy mix ture, made up of 25 per cent Miami silt loam and 75 per cent 
sand, were placed in a 750-cc. Erlenmeyer flask. The fungous tissues and 
other substances in amounts equivalent to 60 mgm. of nitrogen, or the water- 
soluble or -insoluble fraction thereof, were mixed with the soil. The moisture 


TABLE 10 

Ammonia and nitrate nitrogen from the decomposition of fungous tissue and other materials 

after 10 days 1 incubation 
100 p.p.m. of nitrogen added 


Control. 

Ammonium sulfate. 

Blood meal. 

Cottonseed meal. 

Alfalfa hay. 

Timothy hay. 

Straw. 

Saccharomyces cereoisiae . 

Secoiium acuminatum Mont 
Marasmius oreades (stipes).. 
Marasmus oreades (pilei)... 

Lycoperdon pyriforme .. 

Trichoderma lignorum . 

Coprinus sp. (stipes). 

Coprinus sp. (pilei). 

Pholiota adiposa . 

CHtocybe muUiceps . 

Pomes igniarius . 

Pciyphorus graveolens . 


AMMONIA 

NITRATE 

NITROGEN 

NITROGEN 

p.p.tn. 

p.p.nt. 

8.7 

6.1 

11.4 

96.6 

10.9 

63.4 

9.8 

47.0 

11.4 

10.1 

9.3 

Trace 

8.7 

Trace 

11.4 

66.2 

10.9 

40.2 

9.2 

42.0 

9.8 

50.0 

9.8 

34.0 

9.3 

42.8 

9.8 

33.0 

9.8 

33.0 

8.7 

None 

9.3 

24.1 

10.9 

10.4 

9.8 

Trace 


content was adjusted to 9 per cent (by weight) which was the optimum for 
this sand and soil mixture. In addition to this amount of moisture, 2 gm. of 
water was added for each gram of the organic material. The soil mix ture gave 
a slightly a lkal i n e reaction. The flasks were connected with a carbon dioxide 
absorption apparatus, which will be described in a later paper. The carbon 
dioxide evolved was determined at intervals of 12 to 72 hours. The aspiration 
was continuous over the soil except while the titrations were being made. All 
soil cultures were incubated at room temperature. 

The amounts of carbon evolved as carbon dioxide were determined for a 
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period of 26 days as were also the amounts of nitrate nitrogen accumulated 
at that time. Ammonia and nitrate determinations were also made on dupli¬ 
cate treatments after a 10-day period. These data are given in table 10. 

TABLE 11 

Production of carbon dioxide and accumulation of nitrate nitrogen from the decomposition of 
fungous tissue and other organic materials 


10 mg. nitrogen added to 100 gm. soil 


MATERIAL 

AMOUNT 

ADDED 

NITRATE 

NITRO¬ 

GEN 

NITRI¬ 

FIED 

CARBON 

EVOLVED AS CAR¬ 
BON DIOXIDE 

CARBON 

Dry weight 

Carbon 

NITROGEN 

ASTER 

26 DAYS 

Total 

Last 

72 hours 

NITROGEN 
RATIO OF 
MATERIAL 


mgm. 

mgm. 

mgm* 

Per cent 

mgm* 

mgm.] 


Organic fertilizers and green man- 








ures 








Ammonium sulfate. 

47.5 


9.35 

93.5 

5.9 

0.05 


Blood meal. 

67.8 

31.7 

6.75 

67.5 

19.7 

0.50 

3.2 

Cottonseed meal. 

150.5 

67.2 

4.95 

49.5 

34.8 

0.55 

6.7 

Alfalfa hay. 

387.5 

169.3 

1.65 

16.5 

94.5 

2.02 

16.9 

Timothy hay. 

mm 

373.8 

-1.05 

None 

126.7 

5.60 

37.4 

Straw. 

961.5 

427.0 

-1.05 

None 

113.2 

5.47 

42.7 

Fungous tissue 








Saccharomyces cerevisiae . 

TE1E 

46.0 

5.95 

59.5 

31.5 


4.6 

Secotiwn acuminatum .. 

m 

53.5 

3.62 

36.2 | 

30.1 

0.45 

5.3 

Marasmius oreades (pilei). 

140.8 

59.6 

4.25 

42.5 

38.3 

0.47 

6.0 

Marasmius oreades (stipes). 

nan 

65.6 

3.85 

38.5 

41.7 

0.55 

6.6 

Coprinus sp. (pilei). 

155.8 

65.6 

3.05 

30.5 

29.4 

0.55 

6.6 

Lycoperdon pyriforme . 


84.3 

3.25 

32.5 

49.8 

0.70 

8.4 

Trichodenna lignorum . 


86.5 

3.95 

39.5 

57.1 

0.72 

8.6 

Aspergillus oryzae (1927). 

216.6 

91.5 

4.2 


59.2 

0.95 

9.2 

Coprinus sp. (stipes). 

nSM»] 

97.0 

3.35 


57.6 

0.77 

9.7 

Aspergillus oryzae (1926, med. N) 

261.2 

mm 

3.55 

35.5 

68.4 

0.90 

10.7 

Clitocybe multiceps . 

267.3 

108.5 

2.75 

27.5 

64.8 


10.9 

Photiota adiposa . 

mg 

108.6 

-0.40 

None 

65.7 

1.75 

10.9 

Coprinus radians .. 

HfqB 

181.5 

0.55 

5.5 

69.4 

2.05 

18.2 

Pomes igniarius . 

584.8 

259.0 

0.35 

3.5 

15.1 

1.62 

25.9 

Polyporus graveolens . 

641.0 

267.3 

-0.93 

None 

35.9 

5.12 

26.7 


— means less than the control. 

* Total minus that of the control, 
f Carbon evolved as carbon dioxide last 72-hour period. 


Tables 11 and 12 show the evolution of carbon as carbon dioxide and the 
accumulation of nitrate nitrogen during a period of 26 days. These tables 
also show the amounts of dry matter, carbon, and nitrogen incorporated in 
100 gm. of soil. 
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AMMONIA AND NITRATE ACCUMULATION 

The nitrogen in the form of ammonia at the end of 10 days was much the 
same for all treatm ent s, ranging from 9 to 11 p.p.m., which is near the minimum 
usually found in a soil. This low ammonia content indicates that in these 
cultures the use of nitrogen by soil microorganisms and the process of nitrate 

TABLE 12 

Production of carbon dioxide and accumtdaiion of nitrate nitrogen from the decomposition of the 
water-soluble and -insoluble fractions of various materials 
Solubility fractions in 100 gm. of soil 


MATERIAL 

AMOUNT 

ADDED 

NITRATE 

NITROGEN 

AFTER 

26 DAYS 

NITRO¬ 

GEN 

NITRI¬ 

FIED 

CARBON 

EVOLVED AS CAR¬ 
BON DIOXIDE 

CARBON- 
NITROGEN 
RATIO OF 
MATERIAL 

Car¬ 

bon 

Nitro¬ 

gen 

Total 

Last 72 
hours 


mgm. 

mgm. 

mgm* 

per cent 

mgm.* 

mgm. f 


Water-soluble fraction 








Aspergillus oryzae (1926, med. 








N). 

14.8 

4.52 

2.65 

54.2 

14.4 

0.22 

3.3 

Trichoderma lignorum . 

38.3 

6.78 

3.50 

51.6 

24.3 

0.15 

5.6 

Lycoperdon pyriforme . 

34.2 

5.66 

2.45 

43.6 

22.8 

0.10 

6.1 

Clitocybe multiceps . 

57.2 

8.42 

3.95 

46.9 

30.2 

0.35 

6.8 

Cottonseed meal . 

EH 

1.11 

0.45 

40.3 

8.75 

0.33 

9.6 

Alfalfa hay . 

50.0 


1.15 

28.3 

1 

29.5 

0.37 

12.3 

Water-insoluble fraction 

8 


j 





Cottonseed meal . 

56.5 

8.89 

4.5 

50.9 

29.8 


6.3 

Lycoperdon pyriforme . 

60.2 

4.38 

0.92 

21.0 

29.4 

1.79 

11.5 

Trichoderma lignorum . 

48.2 

3.22 

0.80 

24.9 

28.9 


14.9 

Aspergillus oryzae (1926, med. 




i 




N). 

92.5 

5.48 

1.45 

26.4 ! 

61.7 

2.46 

17.0 

Alfalfa hay . 


5.93 

0.56 


59.8 


20.1 

Clitocybe multiceps . 

51.3 

1.58 

—0.71 

None 

33.7 

9.06 

32.4 

Alkali-insoluble fraction 








Lycoperdon pyriforme . 

35.8 

3.4 

1.27 

37.6 

22.9 

1.03 

10,5 

Clitocybe multiceps . 

40.3 

1.6 

-0.29 

None 

26.9 

4.37 

25.2 


— means less than the control 
* Total minus that of the control 

t Carbon evolved as carbon dioxide during the last 72-hour period. 


formation were going on as rapidly as the process of ammonification and thus 
preventing any accumulation of ammonia. The figures for nitrate nitrogen 
at 10 days show this very clearly. In the case of ammonium sulfate 90 per 
cent of the nitrogen added had gone over to nitrate and the nitrogen from the 
organic sources to the extent of 25 to 60 per cent. These data show that the 
slow accumulation of nitrate nitrogen is not due primarily so much to a 
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retarded nitrate formation as to a slow liberation of ammonia not used by 
microorganisms. 

At 26 days the amounts of nitrate nitrogen had increased approximately 

10 p.p.m. over those present at 10 days. A few of the low nitrogen fungous 
tissues gave little nitrification but most of them showed a mineralization of from 
30 to 60 per cent of their nitrogen content, which was as good as or better than 
that of the other organic nitrogen carriers used. Straw and timothy hay 
gave a depression of nitrate nitrogen. When the materials were separated 
into their water-solubility fractions the water-soluble fraction always gave a 
greater and the water-insoluble fraction a lesser percentage of nitrate accumu¬ 
lation than the total, and in each case the sum of the nitrate nitrogen obtained 
from the two fractions approximate that from the total material. 

THE RELATION OF CARBONACEOUS ORGANIC MATTER TO NITRATE ACCUMULATION 

Amount of Carbon 

When ammonium sulfate is introduced into a soil it is usually rather readily 
changed to nitrate, but if there is an available energy material present, less 
nitrogen will appear as nitrate in a given time. In this same way the carbon 
combined with organic nitrogen is a very definite factor in the mineralization 
of the nitrogen. The carbon-nitrogen ratio is an expression of the relative 
amounts of carbon and nitrogen in a substance and has often been used as 
an index of the availability of the nitrogen in an organic material. Batham 
(11), studying the mineralization of the nitrogen in pure organic compounds, 
found that the nitrate liberated is inversely proportional to the ratio of carbon 
to nitrogen in the substance. Concerning the relation of this ratio to the 
mineralization of organic nitrogen, Whiting (123) says: Cf With a high carbon 
content and a low nitrogen content nitrates may be produced slowly or not at 
all or they may be produced rapidly provided the carbon is not in a resistant 
state and the nitrogen of average to high content. ,, This would indicate 
that not only the ratio of carbon to nitrogen but also the availability of the 
energy material is a factor in the mineralization of organic nitrogen. Tables 

11 and 12 are arranged with the ratios of carbon to nitrogen in ascending order 
for the various groups of materials. These data show an inverse relationship 
between the carbon-nitrogen ratio and the mineralization process. A ratio 
higher than 11 or 12 to 1 gives a mineralization for 26 days of less than 30 per 
cent of the organic nitrogen. A lower ratio gives a somewhat higher nitrate 
accumulation. This relation seems to hold true with the fungous and other 
organic materials as well as with their water-solubility fractions. The ratio 
of carbon to nitrogen is not, however, truly inversely proportional to the 
nitrate accumulation, but rather a ratio of 12 to 1 seems to be about the divid¬ 
ing line between fair and little nitrate accumulation for a period of 26 days. 
This is shown by the fact that in 26 days, 35.5 per cent of the nitrogen was 
liberated from the tissue of Aspergillus oryzae with a carbon-nitrogen ratio of 
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10.7, 36.2 per cent from the tissue of Secotium acuminatum with a ratio of S.3, 
and 30.5 per cent from that of a Coprinus sp. with a ratio of 6.6. These figures 
indicate that there are other factors operating besides that of the ratio of 
carbon to nitrogen. 

The rate and amount of carbon evolved as carbon dioxide have been taken 
as a measure of biological activities in the soil and attempts have been made 
to correlate this with the mineralization process. The figures in table 11 for 
the amo unts of carbon evolved as carbon dioxide from the various substances 
and f ung ous tissues indicate an inverse relation between this carbon and the 
amounts of nitrogen changed to nitrate, or a parallel with the ratio of carbon 
to nitrogen. This is true only in a general way and there are many exceptions 



FIg. 3. Rate of Evolution of Carbon Dioxide from Varying Amounts . (10 mgm 
Nitrogen) of Decomposing Organic Matter in Moist Soil 


and some evidence to support the opposite view, especially in the case of a 
low nitrogen accumulation or of a depression. In the case of a depression, a 
lack of available nitrogen may cause retarded decomposition. In addition to 
the quantity of carbonaceous material present and the amount of carbon 
evolved as carbon dioxide for a given unit of nitrogen, there is evidence that 
the kind of carbonaceous material is also a factor in the mineralization process. 

Kind of carbonaceous material 

When organic matter decomposes in a soil a large amount of the carbon is 
evolved during the first few days. Figure 3 shows typical evolution curves 
for four of the materials used. All of these materials show the rapid develop- 
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ment of an early peak at about 12 hours with a more or less distinct second 
peak coming at from one to three days and then a gradual dropping off toward 
the control. With straw and the tissue of Aspergillus oryzae the second peak 



Fig. 4. Evolution op Carbon Dioxide prom an Amount op the Tissue of Lycoperdon 
Pyriforme Carrying 10 mgm. op Nitrogen or its Water-solubility 
Fractions, When Decomposing in Moist Soil 



Fig. 5. Evolution op Carbon Dioxide prom Amounts op Tissue op Clitocybe Multiceps 
AND PhOLIOTA AdIPOSA CARRYING 10 MGM. OP NlTRQGEN, WHEN 
Decomposing in Moist Soil 


is well developed and the first one not so high, but with alfalfa and the tissue of 
Coprvms radians the first peak is high and well developed and the second one 
rather indistinct. The shape of these curves is indicative of the activities of 
soil microorganisms during a particular time interval and their height, the 
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intensity of this activity. The varying shapes and the double peaks indicate 
that the chemical composition or the chemical nature especially of the car¬ 
bonaceous material is also variable. When the tissue of Lycoperdon pyriforme 
was separated into its fractions, each gave a distinctly different carbon evolu¬ 
tion curve. Figure 4 shows that the water-soluble fraction gives an early 
peak with a rapid drop approa ching the control, whereas the water-insoluble 
fraction gives a curve with a late peak and a slower decline toward the control. 
The sum of the carbon evolved from the two fractions gives a curve approxi¬ 
mating that of the total. 

The height of the evolution curves for carbon dioxide at the end of 26 days 
varies with the substances in question and is roughly in proportion to the ratio 
of carbon to nitrogen when a given amount of nitrogen is considered. Tables 
11 and 12 show the amounts of carbon evolved as carbon dioxide during the 
last 72-hour period from an amount of material carrying 10 mgm. of nitrogen. 
It appears that the greater the amount of carbon evolved at this time the less 
the amount of nitrogen found as nitrate, and when this amount reaches approx¬ 
imately 1.7 to 2.0 mgm. of carbon for this period there is little or no nitrate 
accumulation. Without doubt the kind of energy material makes this differ¬ 
ence. In table 11 in the cases of Clitocybe multiceps and Pholiota adiposa , 
the nitrogen contents of the tissues, the carbon-nitrogen ratios, and the total 
amounts of carbon evolved as carbon dioxide for 26 days are approximately 
the same, but from the former 27.5 per cent of its nitrogen is liberated as 
nitrate whereas from the latter there is a depression below the control. 
Figure 5 shows that the evolution curves are different, the former being high 
at the beginning and low at the end while the latter is just the reverse giving 
an evolution during the last 72 hours of 1.75 mgm. of carbon as against 0.90 
mgm. for the former. 

Thus it appears that the structure of the carbonaceous energy material 
governs somewhat the type of decomposition curves and at the same time 
the amount of nitrogen liberated as nitrate. If the energy materials are of 
simple nature their decomposition is rapid and their effect soon lost, but if they 
are of cellulosic form the decomposition is much slower and the action of the 
soil microorganisms is continued much longer with a corresponding inhibition 
in the accumulation of nitrate nitrogen. Allison (6) and Doryland (26) both 
felt that the energy-nitrogen relations are more important than the carbon- 
nitrogen relations as such, in that the rate of decomposition of the energy 
material depends much on its form and availability to microorganisms. Wilson 
and Wilson (126) have shown that with the same quantities of com and sor¬ 
ghum roots in the soil, the depression of nitrate is different. In the early 
stages of decomposition the sorghum roots evolve more carbon dioxide th an 
the com roots and at the same time depress the nitrates to a greater extent. 
This they attribute to the greater amount of soluble energy material in the 
sorghum roots causing a greater biological activity. If the process is carried 
on longer than 30 days the reverse is true, more carbon dioxide is evolved from 
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the com roots with a greater depression of nitrates than with the sorghum 
roots. 

Type of organism 

The form or kind of energy materials determines to a great extent the kind 
of org anism s predominating in the decomposition. If these materials are 



Fig. 6. Relative Yields and Amounts or Nitrogen Assimilated by Oats erom Fungous 
Tissue and Other Nitrogen Carriers (400 m gil op Nitrogen or the 
Solubility Fractions Were Used in Each Case) 

simple the decomposition will be largely bacterial and quickly completed, 
whereas if they are cellulosic the action will be largely fungous and of longer 
duration. The curve for the water-soluble fraction in figure 4 is typical for that 
of bacteria and that for the water-insoluble fraction for the fungi. These 
facts correlate with the observations of the fungous growth and bacterial 
counts as previously noted. Bacterial decomposition in the soil is very 
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complete and most of the carbon may be accounted for as carbon dioxide* 
The fungi, on the other hand, are more efficient in their use of carbon, for it 
has been shown (48) that as much as 40 per cent of the carbon used by fungi 
is found in their mycelial tissue. Neller (77) found in the decomposition of 
alfalfa meal, that fungi gave a greater evolution of carbon dioxide than bac¬ 
teria, but that the latter showed a higher ammonia accumulation. This 
indicates that the bacteria attack the simpler carbonaceous compounds, build 
up very little protoplasm, and liberate much of the nitrogen as ammonia, 
whereas the fungi attack the cellulosic portion of the alfalfa meal with the 
production of much fungous tissue in which they use practically all of the 
nitrogen liberated in the decomposition process especially if the ratio of carbon 
to nitrogen is greater than 12 to 1. 

On the whole it appears that the mineralization of organic nitrogen depends 
not only on the amount of carbonaceous or energy material with it, but also 
on the form and availability of this material and the resultant microflora. 
A given amount of energy material when used by soil organisms requires a 
given amount of nitrogen for its decomposition and this nitrogen is built up 
into the organic form in the microbial substance. Any nitrogen in excess of 
this amount is liberated in the mineral form. If the energy material is of a 
simple soluble nature, the decomposition is largely bacterial with a rapid 
evolution of the carbon as carbon dioxide. In this case a small amount of 
microbial protoplasm is formed with the result that a large amount of organic 
nitrogen is quickly changed to the inorganic form. If on the other hand the 
same amount of energy material is in a cellulosic form the decomposition is 
largely by fungi with a slower use of energy material extending over a longer 
period of time. These conditions lead to the formation of larger quantities 
of microbial substance than with the simpler energy materials and the use of 
greater quantities of nitrogen resulting in a lower nitrate accumulation. At 
the same time the effect of the energy extends over a longer period, maintain¬ 
ing the organisms in the living state and preventing the liberation of their 
nitrogen through autolysis or decomposition. 

GROWTH OF OATS FROM FUNGOUS NITROGEN 

In the previous work it has been found that the nitrogen in fungous tissue 
is readily changed to the mineral form in the soil. A series of plant cultures was 
arranged to test the ability of higher plants to use this nitrogen. Oats were 
used and the soil was the same as in the previous experiment. Here 10 kgm. 
of soil were used in a 2-gallon pot and 1 gm. of mono-potassium phosphate was 
added to each. The fungous tissues and other organic nitrogen carriers were 
prepared in the same way as described above. The total tissue was added in 
such an amount that it represented 400 mgm. of nitrogen per pot, and the 
Water-soluble and water-insoluble portions carried the fractions of that amount 
that were soluble or insoluble in water. The oats were thinned to 12 plants 
per pot and watered with distilled water. The length of the growing period 
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was approximately 8 weeks. The tops only were harvested just before the 
heading stage, dried, ground, and the total nitrogen determined. Table 13 
shows the results of the oat culture study including the yields and nitrogen 
recovery in the crop. The figures given are the averages for duplicate cultures. 
Plate 1 shows the oats at the time of harvest. 


TABLE 13 

The use by oats of nitrogen from decomposing fungous tissue and other nitrogen carriers 


MATERIAL 

MATERIAL ADDED PER POT 

DRY 

WEIGHT, 

OATS 

PER POT 

NITROGEN 
CONTENT OP 
OATS 

NITROGEN 
RECOV¬ 
ERED IN 
OATS 

Total 

Carbon 

Nitro¬ 

gen 



mgm. 

mgm. 

gm. 

percent 

mgm. 

per cent 

Controls. 




7.35 

1.17 

86.0 


Ammorniim sulfate. .. 

1 90 


400 

12.5 

2 85 

356 2 

67 5 

Alfalfa hay, total. 

15.95 

6,767 

400 

9.2 

1.41 

129.7 

10.9 

Alfalfa hay, water-soluble. 


2,000 

162.7 

10.45 

1.33 

139.0 

32 5 

Alfalfa hay, water-insoluble. 


4,767 

237.3 

7 15 

1.33 

95.1 

3 9 

Cottonseed meal, total. 

6.024 

2,687 

400 


2.09 

252.4 

41.6 

Cottonseed meal, water-soluble... 


427 

44.7 

8.45 

1.44 

121.7 

80 0 

Cottonseed meal,water-insoluble.. 


2,260 

355.3 

12.1 

1.96 

237.2 

42 3 

Trichoderma lignorum , total. 

7.80 

3,460 


12.1 

2.04 

246.8 

40.2 

Trichoderma lignorum, water-sol¬ 








uble. 


1,533 

271.3 

11.85 

2.11 

249.9 

60.4 

Trichoderma lignorum, water-in¬ 







soluble. 


1.927 

128.7 

8.4 

1.40 

117.6 

24.8 

Aspergillus oryzae (1927), total... 

8.7333 



12.65 

1.84 

232.7 

36.7 

Aspergillus oryzae (1927), water- 








soluble. 


■cWi® 

120.5 

11.55 

1.49 

172.1 

71.4 

Aspergillus oryzae (1927), water- 








insoluble. 


3,269.6 

279.5 

9.7 

1.71 

165.9 

28.6 

Clitocybe multiceps, total. 


4,340 


12.0 

1.48 

177.6 

22.9 

Clitocybe multiceps , water-sol¬ 








uble.. ... 


2,287 

336.7 

16.8 

1.41 

236.9 

44.8 

Clitocybe multiceps, water-in- 







soluble. 


2 053 

63 3 

6,95 

1 77 

84.8 

-1.9 

Saccharomyces cerevisiae, total.... 

4.20 



13.85 


288.1 

50.5 


The water-soluble nitrogen has the highest availability of any fraction of 
the nitrogen. The range is from 40 to 70 per cent and is in accord with earlier 
experiments reported in this work. The high availability of the water soluble 
nitrogen is largely due to three factors: first, low amount of energy material 
or low carbon-nitrogen ratio; second, carbonaceous material which is readily 
decomposed and largely by bacterial action; and third, simple form of nitrogen. 
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Figures already given show that over half of the nitrogen in the water- 
soluble fraction is in the free amino form. This, together with its high dializa- 
bility, indicates that the water-soluble nitrogen is very simple and easily 
decomposed- In such material the energy carbon is quickly evolved as carbon 
dioxide and little bacterial protoplasm is built up, thus liberating much of 
the organic nitrogen in the mineral form. 


TABLE 14 

A comparison of the availability of nitrogen in fungous tissue and other nitrogen carriers as 
measured by nitrification and oat culture experiments 


MATERIAL 

AVAILABILITY 07 NITROGEN 

In nitrification 
experiment 

In oat culture 
experiment 

Ammonium sulfate. 

per cent 

93.5 

per cent 

67.5 

Alfalfa hay, total. 

16.5 

10.9 

Alfalfa hay, water-soluble. 

28.3 

32.5 

Alfalfa hay, water-insoluble. 

9.6 

3.9 

Cottonseed meal, total. 

49.5 

41.6 

Cottonseed meal, water-soluble. 

40.3 

80.0 

Cottonseed meal, water-insoluble. 

50.9 

42.4 

Trichoderma lignorum , total. 

39.5 

40.2 

Trichodenna lignorum , water-soluble. 

51.6 

60.4 

Trichoderma lignorum, water-insoluble. 

24.9 

24.8 

Aspergillus oryzae (1927), total. 

42.0 

36.7 

Aspergillus oryzae (1927), water-soluble. 

.... 

71.4 

Aspergillus oryzae (1927), water-insoluble. 

.... 

28.6 

Clitocybe muUiceps, total. 

27.5 

22.9 

Clitocybe muUiceps, water-soluble. 

46.9 

44.8 

Clitocybe muUiceps, water-insoluble. 

-44.8 

-1.9 

Saccharomyces ceredsiae , total. 

59.5 

50.5 


— means less than the control 


The water-insoluble portion of all materials except cottonseed meal ha s a 
low availability, sometimes giving a depression of nitrate nitrogen. This is 
due not only to the high ratio of carbon to nitrogen but also to the kind of 
energy material present in the tissue. In this fraction the energy material is 
largely of the ceflulosic type, which supports the growth of fungi to a much 
greater extent than bacteria. The fungi have a greater efficiency in the use 
of carbon and thus build up more carbon and at the same time more nitrogen 
into organic form. 
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The percentage availability of the nitrogen in the total tissue usually 
falls between those of the water-soluble and water-insoluble fractions. The 
amount of nitrate produced in the decomposition of fungous tissue is much the 
same as that produced from other organic nitrogen carriers of a similar nitrogen 
content. The amount of nitrogen in most of the fungous tissue studied ranged 
from 4 to 7 per cent and the availability of this nitrogen compared favorably 
with that of cottonseed meal which had a nitrogen content of 6.64 per cent. 
The species produced on artificial liquid culture media had a slightly higher 
amount of available nitrogen than did the natural forms, perhaps because of 
their slightly greater solubility in water. 

There was a very close parallel between the percentages of the nitrogen 
changed to nitrate in the nitrification work and the amount of nitrogen found 
in the tops of the oat plants. Table 14 gives these data, and figure 6 shows 
graphically the relative yields of oats and the amounts of nitrogen assimilated 
by the crop. With the exception of the ammonium sulfate, a part of which 
no doubt was used in base exchange, the water-soluble portion of cottonseed 
meal, and the water-insoluble portion of Clitocybe multiceps, the latter two 
carrying low amounts of nitrogen, the parallel is almost perfect. As a rule the 
nitrogen obtained by the oats was slightly lower than the percentage of nitri¬ 
fication obtained in previous studies. Although the growth period of the oats 
was longer than the nitrification period, the tops of the oats only were harvested 
which would help to account for the slightly lower assimilation of nitrogen by 
the oats. 


SUMMARY 

A study was made of the nature and availability of the nitrogen in fungous 
tissue and in various organic materials. Fungous tissue was collected from 
natural habitats and also grown on artificial liquid culture media. The fungous 
material was separated into various chemical fractions and a study made of 
the carbon and nitrogen in these fractions as well as in the total material. The 
decomposition and nitrification of the various fungous tissues were studied in 
relation to carbon dioxide evolution and nitrate accumulation and also the 
effect of these tissues on the growth of higher plants. 

The results of this work may be summarized as follows: 

1. The carbon content of all fungous tissue studied is rather constant, fluctuating for the 
most part only between 40 and 44 per cent The nitrogen content of the fungi found growing 
in the fields and woods varies from 1.5 to over 7 per cent, and the majority of these forms 
contain more than 4 per cent of nitrogen on a dry basis. In mycelium produced on synthetic 
liquid media, the nitrogen varied from less than 2 per cent to more than 6 per cent for the same 
species. The energy nitrogen ratio of the substrate is the determining factor, both in the 
quantity of the mycelium produced and the amount of nitrogen it contains. As the available 
nitrogen in the substrate decreases, the nitrogen content of the mycelium decreases to about 
2 or 3 per cent. At this point a further decrease in the amount of nitrogen in the substrate 
causes a decrease in the weight of the mycelial tissue, so that the nitrogen content of the 
tissue seldom falls below 2 per cent. The decrease in the amount of the fungous tissue pro¬ 
duced begins when its carbon-nitrogen ratio reaches 10 or 12 to 1. 
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2. Fungous nitrogen is for the most part very simple. From 40 to 70 per cent of the 
nitrogen in the dry fungous tissue used in this work was soluble in water, and of this portion, 
80 to 92 per cent was dializa ble through a collodion sack. From 80 to 85 per cent of the total 
nitrogen was soluble in 0.05 N sodium hydroxide solution in 60 per cent alcohol. From 40 
to 65 per cent of the nitrogen in the water-soluble and alcohol-soluble fractions was free 
amino nitrogen. The alcohol-soluble fraction was more complex, being only about 10 to 15 
per cent free amino nitrogen. No urea was found in the tissue tested. 

3. Most fungous tissues decompose readily in moist soils. From 40 to 60 per cent of their 
carbon is liberated as carbon dioxide in 26 days. On decomposition the nitrogen which they 
contain is liberated as nitrate to the extent of from 30 to 42 per cent of the original amount 
during a period of 26 days. The balance is either not liberated or is again combined into a 
new fungous or bacterial substance. When there is no other energy material present, living 
fungous tissue liberates its own nitrogen by autolysis to even a greater extent than the dead 
tissue. The rate of mineralization of fungous nitrogen depends upon the amount and kind 
of energy materials present When the energy material is simple the decomposition is largely 
bacterial with the liberation of large amounts of nitrate nitrogen, but when it is of a cellulosic 
nature, the action is to a great extent fungous with the liberation of little or no mineral 
nitrogen. The nitrogen in fungous tissue in the soil is as readily nitrified as, or even more 
rapidly nitrified than that of other organic materials of similar nitrogen content. 
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A considerable number of papers are devoted to the question of the formation 
and composition of the soil solution. In one of them, Whitney and Cameron 
(13) have reported that: “If every soil contains all the common rock forming 
minerals, every soil should give the same saturated solution.” 

The following investigations of the seasonal change in the soil solution 
composition (3, 11, 12) have shown, on the contrary, that the composition of 
the soil solution is in no way constant but that it changes in relation to the 
biochemical conditions of the soil and the growth of the plant. 

On the basis of experiments carried out on leached soils, Burd (2) emphasized 
the importance of the biological processes for cation enrichment of the soil 
solution. On the grounds of these observations, Hoagland (8) defines the con¬ 
ditions of the soil solution formation in the following manner: “Normally a 
soil solution is in long measure a biologically controlled system; that is to say 
that nearly all the anion content of such a solution is of biological origin and 
equivalent quantities of cations must enter into solution with the anions.” 

The soil solution is composed of different parts. The salts of mineral origin 
which we detect in every soil, and chiefly in arid soils, may be dissolved at 
first if the soil contains a sufficient amount of water. The biochemical activity, 
on the other hand, as was pointed out in the foregoing, enriches the soil solution 
by anions and, in consequence of their action, also by cations taken from the 
insoluble portion of the soil. This source of the formation of the soil solution 
is very considerable, for the soils which have an important amount of organic 
matter are consequently characterized by their highly developed biological 
activity. As a source of the soluble parts of the soil solution we must take 
into account also the hydrolysis of the add colloids of the soil, saturated with 
bases. 

In the literature dealing with the question of soil zeolites some observations 
can be found about the conditions of the formation and decomposition of the 
zeolitic compounds with bases. Gedroiz (S) classifies the zeolites saturated 
with bases according to their stability in the following manner: Zeolites bound 
with CaO and MgO belong to the most durable compounds; those saturated 
with NaaO and KaQ are less stable; the intermediate properties are shown by the 
zeolites saturated with H ion. These compounds of zeolite with bases are 
hydrolyzed by water with the appearance of free bases in the solution. 



50 


F. MENCHXKOWSKY AND S. RAVIKOVITCH 


In the highly mineralized soils where organic matter is perhaps very in¬ 
significant, or where it is sometimes absent, the biochemical activity is con¬ 
sequently very low. The biological factor of the formation of the soil solution 
in those soils is therefore very limited. Although the influence of the slightly 
soluble minerals should not be important, the formation of the soil solution in 
such a case depends on the amount of easily soluble salts, but the chief factor 
here should be in the hydrolysis of the zeolitic compounds with bases. 

The object of the experiments reported in this paper was to verify this view 
on the bases of some mineralized soils of Palestine. 

SAMPLES OF SOIL FOR ANALYSIS 

Three samples of soil from different parts of Palestine were chosen as material 
for study: 1. A sample of the heavy loamy soil from the coastal region in the 


TABLE 1 

The amount of organic matter in the soil samples 


NAME OE LOCALITY 

LAYER 

PERCENTAGE OR 
DRY MATTER 

Ben-Shemen..... 

cm. 

0- 25 

0.81-0.78 

Ben-Shemen. 

25- 50 

0.61-0.59 

Ben-Shemen.. 

50- 75 

0.54-0.52 

Ben-Shemen. 

75-100 

0.49-0.49 

Djuania. 

0- 25 | 

1.39-1.30 

Djuania. 

25- 50 

1.09-1.02 

0.89-0.85 

Djuania..... 

50- 75 

Djuania. 

75-100 

0- 25 

0.65-0.65 

1.22-1.19 

0.56-0.53 

Dagania. 

Daeania. 

50- 75 



vicinity of Ben-Shemen; 2. A sample of heavy loamy soil from the center of 
the Plain of Esdraelon south of Afule, from a place named Djuania; and 3. 
A sample of soil rich in lime from the Jordan Valley. The amount of organic 
matter in all thee samples is insignificant, as is shown in table 1. 

The samples employed for the investigation were taken from four layers one 
below the other and each 25 cm. deep. In order to establish the relation 
existing between the replaceable bases of the soil and the soil extracts, the 
replaceable bases were studied in all the aforementioned samples. 

The properties of the local heavy loamy soil make the preparation of the 
soil solution very difficult. In this work the water extract method was used. 
The experiments were carried out with 15, 25, 50, and 100 parts of soil to 100 
parts of water. The comparison of the figures of the different water extracts 
makes it possible to determine the compounds which existed in the soil solution 
as distinct from those formed by hydrolysis. 
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THE METHODS 

Methods have been proposed for the estimation of the amount of replaceable 
bases in a soil. The oldest method proposed by Gedroiz is based on the 
replacing of the absorbed bases by a solution of NH 4 CI; the second method 
recently recommended by him is the replacing with N 0.05 HC1 (4). These 
methods, however, can not be applied in tie presence of CaCOs in the soils, 
because both N 0.05 HC1 and NH 4 CI dissolve CaCOs. For the same* reason, 
the method proposed by Bobko-Askenasi (1), based on the treating with BaCl*, 
can not be applied. The most suitable method for Palestine soils rich in 
CaCOs is that of Hissink (7), based on the replacing of the absorbed Ca by the 
solution of NaCl. Hissink found that the quantity of CaCOs dissolved in one 
liter of NaCl is constant and that by a second and third treatment of the same 


table 2 

The amount of CaO extracted from the soil* by the second liter of the normal NaCl solution 


LOCALITY ’ 

LAYER 

CaO in 200 cc. 
NaCl 

SOLUTION 

Ben-Shemen.... 

cm. 

0" 25 

gm. 

O 0080 

Ben-Shemen.. .. 

25- 50 


Ben-Shemen. 

50- 75 


Ben-Shemen. 

75-100 


Djuania. 

0- 25 


Djuania. 

25- 50 


Djuania. 

50- 75 


Djuania. .... 

75-100 


Dagania. 

0- 25 


Dagania. 

25- 50 



* CaCOs in the same soils: Ben-Shemen, 15.5 per cent; Djuania, 17.5 per cent; Dagania, 
40.1 per cent. 


soil with the solution of NaCl the further half liters of the NaCl solution show 
the same amount of dissolved CaCOs. The value of this method was con¬ 
firmed by the determinations of the absorbed Ca in our soils. The constant 
amount of the dissolved CaCOs in each second liter of NaCl solution after the 
soil has been treated should be observed. The figures are shown in table 2 . 

The soil extracts were prepared from air-dry soil passed through the 2 -mm. 
sieve and sh ak e n with water for one hour. The liquid was filtered through the 
funnel without contact with the air. The paper for the filtration was washed 
several times with distilled water and was checked as to presence of soluble 
salts and traces of acid. 

The following methods were used for the estimation of anions: Cl” was 
determined by titration with 0.02 N AgNOs; HCOs - with 0.1 N HC1 in the 
presence of methyl orange; NOs~ was estimated by the colorimetric method 
with phenol-sulfonic add. Before the soil was tested, Cl” was separated with 
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AgaSO*. For P 04 S the determination method of Deniges, modified by 
Shmuk and Kurilo (9) was employed. SiOs“ was also measured colorimetrically 
(10). The method is based on the color formed by ammonium molybdate. 
The several tests of the standard solution from K^SiOs have shown that the 
boiling of the solution and the addition of the strong add, lead to the partial 
coagulation of SiOa* This method was therefore changed. To the solution 
was added diluted HNO s (d = 1.12,1:4) and 5 per cent ammonium molybdate. 
The tested solution was not heated. The cations Ca, Mg, K, and Na were 


TABLE 3 

The amount of replaceable bases in the soils tested 


ORIGIN or A SAMPLE 

MGM. EQUIVALENT IN 100 GK. DRY SOIL 

PERCENTAGE OP A REPLACEABLE CATION 

TO THE TOTAL OP REPLACEABLE BASES IN 

100 GM. DRY SOIL 


Ca 

Mg 

K 

Na 

Total 

Ca 

Mg 

K 

Na 

Ca 4* 
Mg 

Na 

The heavy loamy 
soil from Ben-Shemen 








■ 




cm. 








■ 




0-25 

41.9 

17.2 

' || 

6.73 

66.68 



D 

muni 

88.6 

11.4 

25-50 

38.8 

16.4 

9 

3.91 


65.0 

27.4 

M 

6.6 

92.4 

7.6 

50- 75 

36.4 

15.5 


7.62 

59.88 

60.8 

25.8 

0.6 

12.8 

86.6 

13.4 

75-100 

33.5 

18.5 

EE 

11.97 

64.23 

52.2 

28.8 

0.4 

18.6 

81.0 


The heavy loamy 
soil from Djuania 












cm. 












0- 25 

33.1 

19.9 

1.27 

3.78 

58.05 

57.0 

34.3 

2.2 

6.5 

91.3 

8.7 

25- 50 

29.4 

21.9 

0.64 

4.92 

EH 

51.7 

38.5 

1.1 

8.7 

90.2 

9.8 

50- 75 

25.9 

22.5 

0.41 

5.04 

53.85 

48.1 

41.8 

0.7 

9.4 

89.9 

10.1 

75-100 

24.1 

22.7 

0.35 

7.64 

54.79 


41.4 

0.6 


85.4 

14.6 

Soil rich in lime 
from Jordan Valley 
(Dagania) 








■ 


! 

■ 


cm. 








a 




0-25 

26.6 

5.47 

0.41 

WEil 

33.98 

78.3 

16.1 

IB 

4.4 

94.4 

5.6 

25-50 

24.8 

6.23 

0.12 

1.78 

32.93 

75.3 

18.9 

0.4 

5.4 

94.2 

5.8 

50- 75 

21.5 

7.57 

.... 

2.62 

31.69 

67.8 

23.9 

... 

8.3 

91.7 

8.3 

75-100 

18.3 

10.31 

.... 

2.34 

30.95 

59.1 

33.3 

... 

7.6 

92.4 

7.6 


measured by the common analytical method. All the calculations are made 
on dry matter. 

REPLACEABLE BASES IN SOILS 

The results of the study of the aforementioned soils concerning the bases 
absorbed by the colloidal part are reported in table 3. From the figures 
obtained it appears that these three soils possess a different quantity of re- 
placeabie bases. The heavy loamy soil of Ben-Shemen has the largest quantity 
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of replaceable bases, 64-67 mgm.—equivalents in 100 gm. of soil; the sample 
from the Plain of Esdrealon, 58-55] and the one from the Jordan Valley, 34-31. 

As a rule the sum of the equivalents decreases in the direction of the lower 
layers, except in the fourth layer of Ben-Shemen and Djuania. The distribu¬ 
tion of replaceable Ca, Mg, K, and Na in all these layers is very important. 
Ca, as we may conclude from the foregoing data, gradually decreases in all soils 
from the first layer to the fourth; Na, on the contrary, increases in the same 
direction. Thus the soils of Ben-Shemen form in a depth of more than 50 cm. a 
soil type simil ar to “Solonetz.” According to its chemical properties Mg. 
resembles on one side the bivalent alkali earth metals and on the other side the 
alkali metals. Its properties have an influence also on its distribution among 



Fig. 1. Distribution of Replaceable Cations in Ben-Shemen Son. 

the layers of the soil. In the two samples (Ben-Shemen and Djuania) where 
replaceable Na is present in a large quantity, replaceable Mg is approximately 
constant, and only in the soil of the Jordan Valley does it increase in the lower 
layers. In this soil Mg seems to replace Na, which is present here in a small 
quantity. 

Base exchange phenomena appear also in the natural conditions of the soil. 
The law of mass action, the quantity of any dissolved cation which exists in the 
soil in the form of any salt, and the replacing activity of the cation are the chief 
factors which regulate these phenomena. The quantity of the replaceable 
bases and their distribution among the layers of the soil can be observed as a 
result of an established equilibrium. The graphical interpretation of our 
figures of the replaceable bases in milligram-equivalents in the layers, illustrates 
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sting relation between different replaceable cations. Figure 1 repre- 
lese relations for the Ben-Shemen soil. The shape of the curves for Ca 
. is remarkable. The state of saturation of the zeolites by Ca in each 
: the soil is inverse to the Na. This can be explained as a result of the 
action between CaHa(COs )2 and NaCl in the soil solution and the zeoli- 
iplex. 

result of relatively much higher biochemical activity, Ca being in- 
1 by the HCOa~ and NCV~ formed, dissolves much more completely in 
ition of the upper layers of the soil. On the other hand NaCl, which is 
r ely leached out as a very soluble salt from the upper layers, accumu- 


% 



he lower layers. This leads to a saturation of the upper layers by Ca. 
xmtrary, the increasing quantity of NaCl in the soil solution of the 
ers influences the enrichment of the zeolite by Na. A similar relation 
•bserved in the soil of Djuania (fig. 2) where the curves of Ca and Na 
nverse to each other. 

soil of Ben-Shemen, Mg does not remain constant, but increases 
lately in a parallel line to replaceable Na. Quite another relation 
bserved between the replaceable cations in the soil of the Jordan 
>agania}. The inverse relation applies here to the curves of Ca and 
3^ In the soil from Dagania, the easily dissolved salts are present in 
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very small quantities. In connection with this circumstance the colloid 
soil complex must be very slightly saturated by Na and K. The figures ob¬ 
tained for the replaceable Na and K in the investigated sample of the Dagania 
soil are very small when compared with the figures of Na and K found for Ben- 
Shemen and Djuania soils. The cation K, is absolutely absent in the third and 
fourth layers. This is probably the reason why Mg appears as a cation re¬ 
placing Ca in the lower layers. MgCOs is usually present in the calcareous 
soils together with CaCOs and the solubility of MgC (>3 is many times greater 
tTim that of CaC0 8 . This is why MgCOs, in the absence of any appreciable 
quantity of NaCl, appears in the lower layers as a salt displacing Ca and re- 



Fig. 3. Distribution op Replaceable Cations m Dagania Soil 

t 

placing it in the colloid complex. When the soil possesses an important quan¬ 
tity of NaCl, Mg is usually replaced by Na. 

The curves of the distribution of the replaceable bases which are present in 
the colloidal part of the soil in its different layers can be easily explained as a 
result of equilibrium between the soil and the cations taking part in the base 
exchange. 

DISTRIBUTION OF CATIONS IN WATER EXTRACTS FROM DIFFERENT LAYERS OF SOIL 

The supposition that the state of saturation of the colloidal complex of thei 
soil is the result of the action of different cations which for a certain time axe in 
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contact with the soil, leads the authors to admit the reverse phenomenon— 
the transition of the cations from the complex to the soil solution, i.e. if, for 
one reason or another, the solution will become poor in cations. 

The decomposition pressure in the water medium of the soil zeolites satu¬ 
rated by different cations can not be the same. Apart from the properties of 


TABLE 4 

Water extracts from soil of Ben-Shemen 
Ratio of soil to water 15:100 


DEPTH 

Ca 

Mg 

Na 

NHi 

P0 4 

SO* 

HCOi 

NO> 

Cl 

SiOs 

TOTAL 

cm. 













Amount of ions extracted from 100 gm. of dry soil, in mgm . 


0- 25 

25.6 


6.9 


: Trace 


48.7 

0.83 

11.5 

6.8 


25- 50 

17.6 


6.0 




35.0 

0.52 

11.7 

5.5 


50- 75 

13.4 


19.1 




44.0 

0.45 

11.7 

6.0 


75-100 

15.0 


30.1 




58.0 

0.34 

20.7 

6.0 



Amount of ions extracted from 100 gm. of dry soil, in mgm. equivalent 


0- 25 

1.28 


0.30 






0.32 


4.16 


0.88 

■SkTI 





nffl 


0.32 


3.22 

pjftrfl 

0.67 

0 42 

0.83 




1.42 


0.32 


3.84 

% ; 5 * J 

0.75 


1.31 




1.87 

ESS 

0.58 


5.24 





TABLE 5 


Water extracts from soil of Djuania 
Ratio of soil to water 15:100 


DEPTH 

Ca 

Mg 

Na 

NHi 

P04 

SO* 

EHCO« 

NO* 

Cl 

SiO. 

TOTAL 

cm. 













Amount of ions extracted from 100 gm. of dry soil, in mgm. 


0- 25 

14.0 

6.8 

6.9 


Trace 


35.9 

ran 

5.1 

4.1 

9.6 

25- 50 

9.3 

5.5 

20.0 



42.5 

Ym 

10.5 

50- 75 

6.6 

3.2 

29.9 




43.3 

Hi 

5.9 

5.9 

11.7 

75-100 

6.1 

2.8 

43.2 




57.6 

0.33 

14.0 





Amount of ions extracted from 100 gm. of dry soil, in mgm. equivalents 


0- 25 


HRS 





1.16 


0.14 

0 25 

25- 50 

0.46 

0.45 

0.87 




1.37 

InR 

0 12 

0 28 

50- 75 

0.33 

0.26 

mmli 




1.40 

0.005 

0.17 

0.31 

0.37 

75-100 


0.23 

1.88 




1.86 

0.005 

0.17 





the cations form ing with the acid soil complex more or less stable compounds, 
the phenomena observed in the soil lead us to assume the presence of fractions 
of decreasing acidity which when saturated by the same cation may form com- 
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pounds of different stability. As a result of the kind of cation and of the 
saturation of the more or less add “addoides” of the soil the latter may con¬ 
tain a series of compounds of different composition and solidity which, when 
the soil is treated with water, forms a soil solution. The composition and the 
concentration of the cations in the solution reflect the state of saturation of the 
soil colloids by the bases. It is possible that a part of the cations of the 
relatively concentrated soil solution are formed by the hydrolysis of zeolitic 
compounds of the soil, but in order to obtain a more evident idea of the forma¬ 
tion of the soil solution from the bases absorbed by the soil zeolites, the authors 
deemed it necessary to investigate more diluted water extracts of the soil, 
where naturally the hydrolysis occurs very intensively. 


TABLE 6 

Water extracts from soil of Dagania 
Ratio of soil to water 15:100 


DEPTH 

Ca 

Mg 

Na 

NH* 

P0 4 

so* 

HCOa 

NO* 

Cl 

SiOs 

TOTAL 

cm. 













Amount of ions extracted from 100 gm. of dry soil , in mgm. 


0- 25 


4.5 

3.5 

Trace 



27.9 


1.7 

10.6 


25- 50 

Wkwm 

4.5 

1.8 



25.6 

■nETI 

2.1 

7.5 


50- 75 

11.6 

4.7 



Trace 

23.2 

0.17 

2.1 

6.0 


75-100 

11.2 

5.8 




3.2 

23.2 


2.3 

6.0 







Amount of ions extracted from 100 gm. of dry soil , in mgm. equivalent 


0- 25 

0.72 





— 

0.90 

0.007 

0.05 

0.28 

2.48 


0.65 


0.08 



HMH 

0.83 

0.006 

0.06 

0.20 

2.20 

50- 75 

0.58 





I ■ 

0.75 



0.16 

1.94 




.... 



0.07 

0.75 

lllgj 

0.07 

0.16 

2.09 


Extracts of 15 gm. of soil to 100 cc. of water were prepared for the following 
examinations. The results are represented in tables 4, 5, 6. The figures 
found for each cation expressing in per cent the total amount of cations for 
each layer of the soil of Ben-Shemen, Djuania and of Dagania are illustrated 
in figures of 4, 5, 6. When these curves are examined and compared with 
figures 1, 2, and 3 showing the distribution of the replaceable bases, some 
relations can be observed which bear the character of a law. We have observed 
before that the curves of the replaceable cations Ca and Na in the different 
layers of the Ben-Shemen soil are inverse to one another. The resembling 
draft of the curves for Ca and Na can be observed in the soil extract. The 
same relations can be seen by comparing the curves of the soil and the soil 
extract of the samples of Djuania and Dagania. We have therefore some reason 
to believe that the distribution of cations of the water extract of the soils in a certain 
degree reflects the distribution of the same cations present as replaceable in the 
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colloid complex of the soil . From the curves of figures 4, 5, and 6 further 
conclusions can be drawn. In the case of the soils highly saturated with Na 
this inverse character of the curves appears more evident than in the case of 
soils with a small quantity of absorbed Na. This phenomenon is caused by the 
character of the complex exposed to hydrolysis. As the observations show, 
the colloidal soil complex changes in relation to size and composition. The 
colloidal part of the soil which is the main bearer of the absorbing properties 
of the soil can be easily disin tegrated and under certain conditions taken out 
from the soil both in a changed and an unchanged state. The water acting in a 
disintegrating and decomposing manner on the salt-like compounds of the 


% 



Fig. 4. Distribution of Cations in Water Extracts from Different Layers of Ben 

Shemen Sou. 

Ratio of Soil to Water 15:100 

colloidal complex and on the split alumino-silicate nucleus is the cause of these 
phenomena. The parts of the complex highly saturated by Na are at first 
exposed to destruction because they belong to the less solid and easily hydrated, 
disintegrated, and hydrolyzed soil compounds. The soil complex exposed to 
intensive leaching not only loses its Na very rapidly but the soil groups which 
were bound with Na also submit to disintegration. The size of the colloidal 
absorbing complex generally decreases as a result of leaching and the parts 
more sensible to hydrolysis diminish too. 

The soils of Dagania belong to the type of soils possessing a very low ab¬ 
sorbing complex (5 = 34 mgm. equivalent in 100 gm. of soil), and the presence 
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of only traces of dissolved salts demonstrates the strong leaching of these soil 
types. The remaining part of the soil absorbing complex is resistant to water 
and being also saturated with Ca and Mg gives very solid and slightly hydro¬ 
lyzed compounds. For this reason the cation curves of the soil extract of 
Dagania are only slightly different from the curves of the replaceable cations 
in the same soil. 

The colloidal soil complexes of Ben-Shemen and D juania are in quite different 
conditions. The absorbing complex of these soils is very high (S = 67 and 
S = 58 mgm. equivalents in 100 gm. of soil) and the great part of it consists of 

% 



Soil 

Ratio of Soil to Water 15:100 

unstable, easily hydrolyzed compounds. As a result of the water action, these 
soils are exposed to very strong hydrolysis and therefore the inverse character 
of the curves drawn for the cations of the water extract from the Djuania and 
Ben-Shemen soils is more conspicuous in comparison with the curves for the 
replaceable bases of the same soils. 

Gedroiz (5) explains, by the properties of the replaceable cation, the degree 
of stability of the compound formed by the acid-absorbing part of the soil 
with the base. This property depends not only on the cation but also on the 
add portion with which the cation is bound. It is very probable that there 
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exist in the soil (in this partic ular case in the mineral part of the soil) acid 
groups which form with the same cation some compounds of different stability. 
The saturation of the soil with a base takes place gradually. At first the very 
acid groups of the soil become saturated and form very solid compounds. By 
subsequent saturation with a base, less acid groups come into action and form 
with die bases less solid substances which readily decompose. If the soil 
contains some cations of different reactive power, then competition takes place 
at first for the formation of the compounds with the less acid groups where the 
cation is bound less strongly, and only later for the more solidly fixed cations. 


% 



Fig. 6. Distribution or Cations in Water Extracts prom Different Layers op 

Dagania Soil 

Ratio of Soil to Water 15:100 


In the case of hydrolysis, the first to decompose are the unstable compounds, 
formed with the cations during the highest state of saturation. This means, 
as we may expect, that the higher the amount of any replaceable cation in a 
colloidal complex the stronger the degree of hydrolysis. 

, figure 7 shows the relation between the degree of hydrolysis and the amount 
of the cation in the absorbing complex of the soil. The amount in milligram- 
equivalents of a cation as a percentage of the total amount of replaceable bases 
in the soil sample is represented on the abscissa and the percentage of the 
quantity of milligram-equivalent of the same cation extracted from 100 gra. of 
soil to the total amount of replaceable bases in 100 gm. soil is represented on the 
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ordinate. The curves are plotted for Na and Ca for the soils of Djuania and 
Ben-Shemen. The curves show a high hydrolysis for Na in comparison to 
Ca, which agrees with the literature. According to Gedroiz (5) the replacing 
energy of different cations decreases in the following order: Ca, Mg, K, Na, the 
degree of hydrolysis of the replaceable bases being inverse for the same cations. 

Another feature of these curves is the increasing degree of hydrolysis with an 
increase in the degree of saturation of the soil colloidal complex. This is more 



Fig. 7. Hydrolysis or Replaceable Ca and Na in Soils from Ben-Shemen and Djuania 

Ratio of Soil to Water 15:100 


conspicuous for Na than for Ca. The results obtained support the theories of 
the author about the presence of some acid groups of different stability in the 
soil and of the formation of compounds of decreasing stability according to the 
increasing saturation of the colloidal soil complex by a cation. 

INFLUENCE OF THE PROPORTION OF SOIL TO WATER ON THE COMPOSITION OF 
ANIONS AND CATIONS IN THE SOIL EXTRACT 

In order to learn whether the aforementioned results for the soil extract can 
be applied to the much more concentrated soil extracts a series of water 
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extracts with an increasing proportion of soil to water were analyzed. Table 7 
shows the numerical results of the analysis made with the water extracts of 
Djuania soil in the proportions 15, 25, 50, and 100 parts of soil to 100 parts of 
water. The figures in this table give valuable data for judging the origin of 
anions and cations of which the soil extract was formed. Some interesting 
properties may be observed in the anion part of extracts obtained from the 
investigated soil. First, it is remarkable that PO4 and SO4 are absent among 
the anions except in the fourth layer of Dagania soil (see tables 4, 5, and 6). Cl 
and NQa occupy a particular place between other anions. It is to be expected 
that salt present in soluble form in the soil will show by dilution with water 
that its concentration is inverse to the degree of dilution. The amount of 
milli gram equivalents extracted from the same quantity of soil re mains un¬ 
changed in all proportions of soil to water. From the numeral data concerning 
nitrates it may be observed that in all proportions of soil to water the quantity 
of NO$ expressed in milligram-equivalents is unchangeable. From this it is 
evident that N 0 3 “ is a part of a salt present in a soluble form in the soil. As 
to Cl' we can say that the salt of this anion is to some extent absorbed by the 
soil, although in its general properties it resembles the salt dissolved in water. 

The two other anions of the soil extract— HCO3' and Si0 3 “—possess quite 
different properties. The quantity of both of these anions increases, in the 
extract from the same quantity of soil, with the increasing proportion of water 
to soil. In the extracts of our soils which are poor in organic matter we can 
not attribute the origin of HC0 3 ~ to CO2. It would be more correct to suppose 
that simultaneously with the appearance of the bases in the solution after 
hydrolysis CO2 is derived from the air and leads to the formation of HCCV" in 
the extract. The ion of Si0 3 ”, the quantity of which also increases together 
with the increase of the proportion of water to soil, is evidently caused by the 
decomposition of some silicic soil compounds. 

In soils rich in organic matter the methods of investigation of soil extracts 
render difficult any attempt to interpret the following question: “Does water 
in fact destroy the alumino-silicate nucleus of the primary particles of the 
colloidal complex or does it eject the fine powdered particles of the complex?” 
(7), even to make dear the question about the part played by the replaceable 
cations in these processes. 

Our observations on the amount of Si0 3 “ in the soil extract obtained by 
treating the soil samples with water show as a general rule that the dissolved 
SiO*~ increases with the increase of the amount of water added to the soil 
and consequently there takes place a disintegration of the alumino-silicate 
partides. Should the opinions on the durability of the zeolitic nucleus de¬ 
pendent on replaceable bases prove to be accurate, we might expect the de¬ 
composition of the al umin o-silicate nudeus in the lower layers of the soil where 
it is saturated with Na. This viewpoint would correspond to the well-known 
properties of replaceable Na, which intensively disintegrate the colloidal 
complex of the soil. 



INFLUENCE OF REPLACEABLE BASES 


65 


With regard to the relation which may probably exist between SiOa“ formed 
in a water extract and the replaceable Na the following facts can be observed 
in our data. In water extracts from the Ben-Shemen soils the amount of 
SiOs" may be considered in all layers as a constant, without taking into account 
the unavoidable error of our method. In water extracts from the Djuania 
soil (table 7) where the proportions of the soil to water are 100, 50, and 25 to 
100, one may assume the same amount of SiO s in all layers. An exception to 
the rule is in the two upper layers of the Dagania soil where we can observe an 
increase of SiCV in the water extracts. 

On the basis of our data we can conclude from the continually increasing 
amount of replaceable Na in all investigated soils, that SiOs“ appears to be 
constant many times in the soil extracts and is only sometimes on the decrease. 
It follows that the appearance of this anion in water extracts is not dependent 
on the replaceable Na. 


TABLE 8 

Percentage of each cation in relation to total amount of cations extracted from 100 gm. soil 
Taken for any layer in different proportions of soil to water 




Ca 



Mg 



Na 



Proportion of soil to water 

Proportion of soil to water 

Proportion of soil to water 

DEPTH 

100:100 

50:100 

25:100 

15:100 

100:100 

50:100 

25:100 

H 

100:100 

50:100 

| 

•/> 

M 

15:100 

cm. 

0 - 25 

45.5 

47.3 

45.7 

44.9 

36.3 

31.6 

32.3 

35.9 

18.2 

21.1 


19.2 

25-50 

26.1 

27.5 

26.0 

25.8 

26.1 

26.2 

24.4 

25.3 

47.8 

46.3 

49.6 

48.9 

50 - 75 

.... 

16.5 

18.6 

17.5 


17.7 

15.3 

14.3 

.... 

65.8 

66.1 

68.2 

75-100 


11.8 

13.0 

12.5 

.... 

12.9 

10.3 

9.5 

.... 

75.3 

76.7 

78.0 


It has been shown above in the samples of soils from Ben-Shemen, Djuania, 
and Dagania that the soil extract depends for its composition on the replaceable 
bases. The conclusions were based on the observations made on weak water 
extracts and it might be expected that with the increase of the concentration 
of the soil extract these relations would be different. 

The following results were obtained by studying the water extract in various 
proportions of soil to water. By summing up the cations and anions of the 
soil extract we find that the total amount, expressed in milligram equivalents 
extracted from 100 gm. of soil, simultaneously increases with the proportion 
of water to soil, i.e. because of the influence of the water, a part of the insoluble 
compounds of the soil enters the solution. This process of transition of in¬ 
soluble ingredients into the soil extract proves to be regular. If each cation is 
expressed in the percentage of the total amount of cations in the water extract 
in certain proportion of soil to water for any soil layer the percentage of each 
cation in the soil extract remains unchanged and independent of the general 
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increase of cations during the dilution. These calculations are reported in 
table 8 and the same relations are graphically interpreted in figure 8. The 
distribution of the cations in a soil extract is independent of the degree of dilution 

\ 




Fig. 8. The Influence of the Proportion of Soil to Water on the Distribution of 
Cations in Djuania Soil Extract 


of soil in water and the appearance o each cation in solution strictly corresponds 
to the partial decomposition pressure of the compounds formed by replaceable 
cations and tke zeolitic nucleus . 
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The results of our observations on water extracts of the soil lead to con¬ 
clusions on the composition of the soil solution. It was found, as stated in the 
foregoing, that in water extracts of different proportions of soil to water the 
general amount of the extracted anions Cl" and NO s ~ remains constant, but 
that HCOs", on the contrary, increases with the increase of the proportion of 
water to soil. Hibbard (14) compared the composition of the soil solution 
obtained by the displacement method with the composition of the soil extract 
and drew the same conclusions in regard to the Cl, NO s , and HCO3 anions. 
We can thus establish the state of Cl" and NOs" as parts of dissolved com¬ 
pounds in the fluid part of the soil but we may also decide on the grounds of 
the analysis of the soil extract about the origin of some other constituents of 
the soil solution. The constancy of the distribution of the cations in a soil 
extract both in low and high proportions of water to soil, permits us to draw 
conclusion also about the probability of the existence of this condition in the 
soil solution, i.e. in the relation of water to soil corresponding to the normal 
condition of soil moisture. It may be very probable that the soil solution of 
mineralized soils in its content of different cations and their distribution, 
reflects the state of saturation of the soil colloidal complex and its property of 
hydrolyzing under the influence of water. 

SUMMARY 

1. A study of the replaceable bases in three samples of soil from Ben-Shemen 
(Plain of Sharon), Djuania (Plain of Esdrealon), and Dagania (Valley of 
Jordan) demonstrated that the distribution of Ca and Na replaced from the 
first and second soil samples and of Ca and Mg from the third samples is 
inversed. 

2. An examination of the water extracts of the soil (in the proportion of IS 
gm. soil to 100 gm. water) of the aforementioned samples showed that the 
distribution curves of the corresponding cations in the extract according to the 
various soil layers conform to the distribution of replaceable bases of the soils. 
These curves, which are the results of the hydrolysis phenomena, are more 
distinctly expressed in the case of soils possessing large absorbing complexes. 

3. An examination was made of a series of extracts from soils in which the 
proportion of soil to water was increased. It was found that, with the ex¬ 
ception of one layer of the Dagania soil, the anions P0 4 a and S0 4 “ were absent 
in the soil extract The amount of HCOs" and SiOs" extracted from the soil 
was found to increase with dilution. Our observations show: (a) that the 
influence of the water leads to the decomposition of the alumino-silicate nucleus 
of the colloidal complex, and (6) that this decomposition does not depend on 
absorbed Na. 

4. Nos" and Cl" bear the character of the anions of soluble salts. This 
corresponds to Hibbard’s results. 

5. The distribution of the cations in the soil extracts is not dependent on the 
degree of the increase of water in the soil. The cations are distributed in the 



68 


I 1 . MENCHIKOWSELY AND S. RAVTKOVITCH 


same percentage in all extracts , and the appearance of each cation in the extract 
corresponds to the partial decomposition pressure of the compounds formed 
by the absorbed cation with the alumino-silicate group. 

6. Observations lead to the conclusion that in highly mineralized soils the 
composition of the soil solution relatively conforms with the composition of 
the replaceable bases in the soil colloidal complex, and to a certain degree 
reflects also the character of the same complex. 
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That the presence of A1 in the soil is a factor in the distribution of plants was 
first shown by Hartwell and Pember (7). The work of many other investiga¬ 
tors has established the fact. Blair and Prince (3) show that the toxic effect 
of a soil may be due to the presence of A1 and Fe while entirely independent of 
pH. Quoting from a later work of these authors (4) “. . . . enough work 
has been done to show that acids decrease pH and increase the amount of ac¬ 
tive A1 in the soil.” 

That the only significant part of the soil with respect to plant nutrition is 
the soil solution, is well established. Wilting point determinations show that 
only a fraction of the capillary water is available for plant use; further, cell 
walls of roots and root hairs are many times thicker than the hygroscopic water 
film immediately surrounding the soil particles. In a complex colloid system 
as presented by soils, a prediction of the equilibrium established in the solution 
from total analysis data is extremely hazardous. Blair and Prince (3) demon¬ 
strated the benefit to be derived by 4 heavy application of acid phosphate to 
toxic soils” and Magistad (15) indicates the solubility of AI with respect to 
falling pH and the presence of phosphates. 

From total phosphate determinations and pH of the soil, together with p.p.m. 
Fe and Al in the soil solution, the writer attempted to account for the qual¬ 
ity of five soils obtained in Berks and Montgomery Counties in the summer of 
1926. Three of the soils were unquestioned ‘had producers” and two, used as 
checks, were said to be excellent. The pH’s of the latter were 5.7 and 6.6 
whereas those of the former were uniformly low, from 4.3 to 4.6. Determina¬ 
tions showed no significant differences in total phosphate of the five soils, 
whereas Fe and Al were present in from 0.1 to 1.5 p.p.m. in all cases. That 
the toxicity of free add does not explain soil quality has been demonstrated in 
a previous paper (16) wherein the important rdle played by Ca has been 
suggested. 

It is the object of this paper to establish the limits of Al and Fe concentration 
that can be tolerated by two type plants, Lupinus dibus and Phaseolus vulgaris 
nanus and to demonstrate the antagonistic action of Ca for these toxic elements. 

The method used is essentially that reported in a preceding paper (16). 
The growth of the primary radical in millimeters is reported at intervals of 24 
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hours and the solutions into which the seedlings were put were changed every¬ 
day. Average temperatures were determined by means of a thermograph. 

RESULTS 

Table 1 shows the toxic effect of Fe and the antagonism of Ca for Phaseolus. 
Three separate experiments were performed but the results of only one are 
presented. The tendency was the same in all cases. 


TABLE 1 

Growth of radicals of Phaseolus with various treatments of Pe and Ca at an average 

temperature of 18°C. 


SOLUTION 

GROWTH 

DURING 

24 HOURS 

GROWTH 

DURING 

48 HOURS 

GROWTH 

DURING 

72 HOURS 

SIDE ROOTS 

Water 

mm. 

7 

mm. 

8 

mm. 

8.2 

Few and short 

p.p.m. 

Fe 0.05 

8.3 

9 

9.5 

Many blunt 

0.11 

8 

8.6 

9.0 

Many blunt 

0.23 


7.7 

7.0 

Few blunt 

0.35 


9.8 

Dead 

Few blunt 

p.p.m. 

Ca 5.0 

13 

22 

28 

Numerous, medium 

+ Fe 0.05 

16 

28 

38 

Numerous, medium 

+ 0.11 

13 

20 

23 

Few, medium 

+ 0.23 

13 

22 

29 

Few, blunt 

+ 0.35 

12 

19 

24 

Few, blunt 

p.p.m. 

Ca 10.0 

17 

31 

45 

Numerous, long 

+ Fe 0.05 

16 

31 

43 

Numerous, long 

+ 0.11 

17 

31 

43 

Numerous, long 

+ 0.23 

18 

35 

51 

Few, medium 

4* 0.35 

20 

43 

63 

Few short 

p.p.m. 

Ca 33.0 

19 

38 

61 

Numerous, long 

+ Fe 0.05 

18 

39 

69 

Numerous, long 

+ 0.11 

15 

34 

51 

Numerous, long 

+ 0.23 

13 

27 

42 

Few, medium 

+ 0.35 

16 

35 

54 

Few, medium 


The number and length of side roots are as important criteria with this type 
of plant as the length of the radical. It appears that small quantities of Fe 
accelerate growth with respect to distilled water but to no great extent when 
used alone. It is significant to note that the presence of 0.35 p.p.m. Fe is lethal 
to the radicals in three days although the tops continue apparently normal. 
Although side roots appear in solutions containing Fe, their growth is greatly 
inhibited. 
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There can be no question of the antagonistic effect of Ca for Fe in the con¬ 
centrations used; there is not an exception to the contrary. That the toxic 
action of Fe is not completely antagonized is just as apparent. 

It is seen that 0.05 p.p.m. Fe accelerates the growth of beans in the presence 
of 5.0 p.p.m. Ca. whereas increasing the concentration of Ca with the sam e 
amount of Fe produces a growth of radical and side roots as good as that in 
Ca alone. Within the time limit of the experiment, the toxic effect of 0.11 

TABLE 2 


Growth of radicals of Lupinus albus in various solutions of Fe and Ca at an average 

temperature of 17°C. 


SOLUTION 

GROWTH DURING 
24 HOURS 

GROWTH DURING 
48 HOURS 

GROWTH DURING 

72 HOURS 

GROWTH DURING 
96 HOURS 


mm. 

mm. 

mm. 

mm. 

Water 

14 

21 

25 

28 

p.p.m. 





Fe 0.11 

19 

26 

29 

31 

0.23 

17 

20 

27 

28 

0.50 

18 

23 

28 

29 

0.70 

17 

20 

24 

24 

p.p.m. 





Ca 5.0 

26 

48 

67 

79 

+ Fe 0.11 

30 

49 

59 

66 

+ 0.23 

29 

42 

54 

58 

+ 0.50 

25 

40 

52 

56 

+ 0.70 

25 

48 

62 

69 

p.p.m. 





Ca 10.0 

28 

48 

62 

70 

+ Fe0.ll 

26 

38 

52 

65 

+ 0.23 

22 

40 

49 

51 

+ 0.50 

16 

35 

52 

63 

•f 0.70 

24 

50 

63 

68 

p.p.m. 





Ca - 33.0 

28 

45 

58 

68 

+ Fe0.ll 

28 

47 

62 

82 

+ 0.23 

27 

43 

52 

61 

+ 0.50 

23 

40 

52 

64 

+ 0.70 

29 

56 

76 

82 


p.p.m. Fe is entirely overcome by 10.0 p.p.m. Ca. On increasing the Fe con¬ 
centration, slight ill effects are observed no matter how much Ca is added. 

Growth acceleration occurs in 10 p.p.m. Ca with an Fe concentration of 0.23 
and 0.35 p.p.m. but the number of side roots is less than in Ca alone. When 
33.0 p.p.m. Ca is used with Fe, there is a slight decrease in growth of the radical 
with increased Fe concentration and also a noticeable decrease in the number of 
side roots although in no case were they observed to be blunted and abortive. 
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TABLE 3 

Growth of radical of Lupinus dibus at an average temperature of 2?C. in various 
solutions of Fe and Ca 


SOLUTION 

GROWTH 

DURING 

24 

HOURS 

GROWTH 

DURING 

48 

HOURS 

GROWTH 

DURING 

72 

HOURS 

GROWTH 

DURING 

96 

HOURS 

GROWTH 

DURING 

120 

HOURS 

SIDE ROOTS 




mm. 

mm. 

mm. 


Water 



26 

27 

27 









Fe 0.2 

IS.5 

28 

31 

32 

32 

Normal 

1.0 

15 

21 

25 

25 

25 

Blunt 

2.0 

Dead 





None 

p.p.m. 







Ca 5.0 

22 

44 

52 

55 

53 


+ Fe0.2 

24 

42 

50 

55 

56 

Normal 

+ 1.0 

22 

40 

52 

58 

60 

Abortive, short 

+ 2.0 

11 

19.5 

22 

22.5 

23 

Blunt 


TABLE 4 

Growth of radicals of Lupinus dbus at an average temperature of 2?C. in various 
solutions of Ca and Fe 


SOLUTION 

GROWTH 

DURING 

24 

HOURS 

GROWTH 

DURING 

48 

HOURS 

GROWTH 

DURING 

72 

HOURS 

SIDE ROOTS AND RADICAL 


mm. 

mm. 

mm. 


Water 

16 

20 

23 

Loose turgidity (3 days) 

p.P.m. 


H 



Fe 0.2 


D 

14 

Loose turgidity, markedly (3 days) 

0.5 

11.5 


IS 

Loose turgidity (2 days), side roots 





blunt 

1.0 

8 


10 

Loose turgidity (2 days), side roots 





blunt 

p,p.m. 

M 




Ca 5.0 

KB 

25.5 

29 

Side roots well developed 

+ Fe0.2 

Efl 

27 

29 

Side roots normal 

+ 0.5 

20 

33 

36.5 

Side roots blunt 

+ 1.0 

16 

24 

26 

Side roots few and blunt 

p.p.m. 





Ca 10.0 

17 

30 

35 

Side roots well developed 

+ Fe0,2 

17 

33 

39 

Side roots normal 

+ 0.5 

20.5 

33 

39 

Side roots blunt 

+ 1.0 

22 

30 

32 

Side roots few and blunt 
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TABLE 5 


Growth of radicals of Lupinus albus when grown in various solutions of At, Fe and Ca at an 
average temperature of 21°C . 


SOLUTION 

l 

I* 

fi 

g 

GROWTH DURING 
2ND DAY 

GROWTH DURING 
3rd DAY 

1 

h 

|S 

r 

GROWTH DURING 
5th DAY 

[i 

s 

GROWTH DURING 
7th DAY 

0 

h 

§ 




mm. 

mm. 

mm. 

mm. 

iHm. 

mm. 

mm. 


Water 

16 

23 

24 

27 

27.5 

28 

28 

28 

Loss of turgidity in 










7 days 

p.p.m. 





■ 





Fe 0.5 

17 


24 

26 


27.0 

27.0 

27.0 

Loss of turgidity in 






m 




8 days 

1.0 

12.3 

18 

19.7 

21 

1 

21 

20 

20 

Dead in 7 days 

2.0 

Dead 




■ 



8 


p.p.m. 










Ca 5.0 

24 

41 

55 


69 

73 

76 

74 


+ Fe 0.5 

21 

39 

49 

58 

62 

62 

63 

63 


+ 1.0 

19 

35 

43 

49 

53 

56 

57 

57 


+ 2.0 

12 

19 

23 

26 

28 

29.5 

29.5 

29.5 

Loss of turgidity in 










8 days 

p.p.m. 










Ca 10.0 

19 

37 

Km 

63 

71 

73 

74 

74 


+ Fe 0.5 

20 

44 

57 

67 

71 

73.5 

73 

73 


+ 1.0 

20 

m 

43 

48 

51 

52 

52.5 

53 


+ 2.0 

13 

23 

29 

32.5 

35 

37 

39 

39.5 


p.p.m. 










Ca 20.0 

19 

41 

56 

67 

73 

77.5 

78 

78 


+ Fe 2.0 

14 

26 

32 

39 

44 

47 

42 

42 


A10.5 

15 

25 

33 

41 

44 

47 

47 

47 

Radical distorted 

1.0 

15 

29 

37.5 

41 

42 

43 

43 

42 

Radical distorted 

2.0 

mm 

7.5 

8 

8 

8 

8 

8 

8 

Turgid, dead (?) in 3 


II 








days 

p.p.m. 







■ 



Ca 5.0 

24 

41 

55 

62 

69 

73 

,1 

74 


+ A10.5 

18 


45 

57 

66 

76 

1 

82 


+ 1.0 

13.5 

29.5 

40.5 

55 

66 

75 

m 

79 

Radical distorted 

+ 2.0 

11 

19.5 

27 

31 

31 

31 

9 

m 

Radical distorted 

p.p.m. 










Ca 10.0 

19 

37 


63 

71 

73 

74 

74 


+ A10.5 

16 

35 

49 

62 

74 

79 

83 

84 


+ 1.0 

18.5 

34 

44 

52 

54 

55 

54 

54 

Slight distortion 

+ 2.0 

10 

19 

24 

27.5 

28 

28 

28 

28 

Radical distorted 

p.p.m. 










Ca 20.0 

19 

41 

56 

67 

73 

77.5 

78 

78 


+ A1 2.0 

13.5 

28 

40 

43 

43 

43 

44 

44 

Radical distorted 
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There are at hand five separate experiments on lupines performed from Feb¬ 
ruary 1-28, 1928 with Ca and Fe. The concentrations ranged from 0.05 to 
2.31 p.p.m. Fe. Some results are given in table 2. In Fe concentrations of 
0.05 to 0.5 p.p.m., in single salt solution, there is a rather decided acceleration 
in the growth rate of the radical for from one to two days depending on the Fe 
content of the solutions. After the first day, growth closely parallels that in 
distilled water and the ill effects of such Fe concentrations are no greater than 
those produced in distilled water. A concentration of approximately 1.15 
p.p.m. Fe in single salt solution is required to kill lupines in three days. It is 
recalled that 0.35 p.p.m. Fe was lethal to Phaseolus in the same time limit. 
This difference in resistance to Fe parallels the contrasting response of these two 
plants to distilled water and Ca as before shown. 

Table 2 shows again the beneficial action of Ca, but the response with lu¬ 
pines is not so marked as that with beans. (Or perhaps it is better to say that 
lupines are more resistant to the harmful action of distilled water than are 
beans.) The antagonism of Ca for Fe is again apparent. Fe used with Ca 
shows a growth acceleration, as compared to Ca alone, in two places, as was the 
case with Phaseolus. Concentrations of 0.11 and 0.23 p.p.m. Fe with 5 p.p.m. 
Ca cause an acceleration of growth as compared to 5 p.p.m. Ca alone for at 
least 24 hours, the rate being approximate to Ca thereafter. As little as 5.0 
p.pm. Ca seems completely to overcome tne toxicity of 0.5 and 0.7 p.p.m. Fe 
within the time limit of the experiments. The comparable Fe concentration 
with Phaseolus is approximately 0.35 p.p.m. 

With 33.0 p.p.m. Ca + 0.7 p.p.m. Fe there seems to be a tendency for growth 
acceleration. Other combinations produce apparently normal radicals. 

The data recorded in tables 3 and 5 are typical of the results obtained with 
lupines during June, 1928. The variation is only in degree. Growth accelera¬ 
tion occurs in 0.2 p.p.m. Fe for three days as compared with distilled water. 
But increase in growth with 0.5 p.p.m. Fe is noticeable for only 24 hours. 
Table 2 shows a comparable effect with 0.7 p.p.m. Fe. One p.p.m. Fe is lethal 
in 7 days and 2.0 p.p.m. Fe in 1 day. The beneficial effects of Ca again 
appear. 

The experiments recorded in tables 3 and 4 were done within two weeks of 
each other and the only variable is temperature; materials, seeds, and method 
were exactly the same. At the higher temperature, the toxicity of Fe is more 
pronounced, A concentration of 0.2 p.pm. is decidedly toxic, and loss of 
turgidity results in three days. Growth is distinctly less than that produced 
in distilled water at this concentration. In an Fe concentration of 1.0 p.pm., 
a marked toxic action is observed. A comparison of the figures in tables 3 and 
4, indicates that at 29°C., 0.2 p.pm. Fe is more toxic than 1.0 p.pm. Fe at 23°C. 
The influence of temperature is decided. 

It is seen also that the response to Ca at the higher temperature contrasts 
with the reaction at lower temperatures. Lupines profit by increased addi¬ 
tions of Ca in single salt solution at 29°C., in which respect they react as 
Phaseolus at 17-23°C. 
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At a temperature of 29°C., it is almost impossible to obtain uniform, depend¬ 
able, and reproducible results with Phaseolus. Generally considered to be 
hardy plants, they are susceptible to a number of diseases which are particu¬ 
larly active at the higher temperatures. The reaction of Phaseolus at 29°C. 
would be interesting to know, but it is hardly possible to ascertain by this 
technique. The results obtained are, therefore, not presented. 

Table 5 shows the results of an experiment on lupines as the test plant with 
the temperature at 21°C. The contrasted effects of A1 and Fe are to be 
noted. Loss of turgidity is a rather convincing criteria of death. Certain 
concentrations of Fe cause the radical tip to become flabby within several days, 


TABLE 6 

Effect of various concentrations of Al and Ca on the growth of lupines at a temperature of 29*C. 


SOLUTION 

GROWTH 

DURING 

24 

HOURS 

GROWTH 

DURING 

48 

HOURS 

GROWTH 

DURING 

72 

HOURS 

SIDS ROOTS AND RADICAL 

Water 

16 

20 

23 

Loss of turgidity in 3 days 

p.p.m. 





Al 0.2 

15 

22 

24 

Side roots few and blunt 

0.5 

15 

24 

26 

Tips very scaly 

1.0 

12 

17.5 

18 

Cortex contracted 5 mm. from tip 

2.0 

6.5 

6.5 

6.5 

Apparently dead 

p.p.m. 





Ca 5.0 

16 

25 

29 


-1-A10.2 

16.5 

33 

40.5 

Nearly normal 

+ 0.5 

16 

28 

31 ] 

Distortion, side roots few and blunt 

+ i.o 

17 

26 

28 

Distortion, side roots few and blunt 

+ 2.0 

9 

13 

13 

In 24 hours tip very brittle and scaly 

p.p.m. 





Ca 10.0 

17 

30 

35 


+ A10.2 

18 

34 

41 

Normal 

+ 0.5 

15 

24 

29 

Approach normality 

4* 1.0 

14 

18 

19 

Distorted, side roots blunt 

+ 2.0 

12 

18 

20 

In 24 hours tips scaly but not brittle 


as already pointed out. But in no case with Al was the radical tip observed 
to be in the least altered in this regard. The ultimate toxic action differs 
greatly from that with Fe. Grown in Al solutions of 0.5 p.p.m. or more, the 
radicals bend in all directions and are greatly distorted, the distortion appar¬ 
ently increasing with increase in Al concentration. This phenomenon was not 
observed in the case of Fe. In single salt solutions of Al, the epidermis of the 
radicals was observed to become scaly and very brittle. The brittle character 
apparently continued into the cortex causing the radicals to break wherever 
they bent unless great care was taken, Fe was never observed to have this 
effect. The criteria of death with Al is not apparent to the writer. 
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The following peculiarities in growth are noted: Used in single salt solution, 
A1 causes a great growth stimulation to the radical in comparison with distilled 
water. This contrasts sharply with Fe at the same concentrations (0.5 and 
1.0 p.p.m.). With Ca, it is seen that 0.5 and 1.0 p.p.m. A1 allow nearly normal 
growth of radicals after, perhaps, the first day. It would almost seem that the 
presence of A1 were beneficial to lupines. 

But with a concentration of 2.0 p.p.m. Al, a rather direct comparison of 
toxicity with Fe is obtained. Used alone or with 5.0, 10.0, or 20.0 p.p.m. Ca, 
the rate of growth compares with that in the various solutions of Fe. Used in 
sufficient concentration, Al is approximately as toxic as Fe. 

Table 6 shows the effect of various concentrations of Al and Ca on the growth 
of lupines at a temperature of 29°C. 

The growth depression with increase in temperature is again observed. 
Compared with distilled water, 1.0 p.p.m. Al is significantly toxic. At 21°C. 
an excellent growth was obtained at the same concentration. A parallel 
effect has been shown for Fe. The antagonistic action of Ca appears again 
although not so efficiently as at the lower temperature. 

Comparing the results of table 6 with those of table 4 (temperature in both 
cases 29°C.), it is seen that Al depresses growth less than does Fe at the same 
concentrations and even when the initial growth depression with Al is of the 
same order as with Fe, elongation continues in the former solutions while ceas¬ 
ing in the latter. The results reported in table 5 are checked at the higher 
temperatures. 


DISCUSSION 

The response of lupines and Phaseolus to distilled water and Ca has been 
discussed in a previous paper (16). This paper concerns itself with the varied 
behavior of the plants to Fe and Al; to the antagonism of Ca for these elements; 
and the possible effect of temperature on toxic action. 

1. At temperatures of from 17-21°C., in the same time interval, 0.35 p.p.m. 
Fe is toxic and lethal to beans while a concentration of 1.15 p.p.m. is lethal to 
lupines. It requires about three times the Fe concentration to produce the 
same result with lupines as with beans. This relative sensitivity of the two 
plants is seen throughout the work and parallels the sensitivity to distilled 
water. 

Calculated to molar concentrations, there is much evidence (8,10,16)-that 
the toxicity of heavy metals is greater than the toxicity of free add. At a pH 
of 4.5, Phaseolus just about survives, that is to say at a molar HC1 concen¬ 
tration of 0.00003. The same plant just survives with a molar Fe concen¬ 
tration of 0.000004. It would seem that the Fe ion is approximately seven 
times as efficient as the H-ion in its killing action. 

The record for lupines will not permit such dose comparison. They are 
known to survive for one day at a pH of 3.8 and for at least four days with a 
pH of 4.1. The limit of toleration is approximately 0.0001 M HCL With Fe, 
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survival is at a molar concentration of 0.000018 (as chloride). With this 
plant, it again appears that the Fe ion is much more toxic than the H ion. 
Were the calculations in terms of normalities, the difference in toxicity would 
be multiplied by three, but the weight of evidence indicates that the effect is 
not due to valence in the case of heavy metals. 

The writer offers no explanation for the different physiological toxicity of Fe 
and Al. That A1 is lethal to plants cannot be denied, but why the root tips do 
not loose their turgidity is not apparent. In weak concentrations Al seems 
less toxic than Fe; stimulation of growth would suggest this. Work has been 
done to explain this action but no definite evidence has been obtained. The 
opinion is suggested that Fe is relatively immobile while Al is mobile. Kratz- 
man (11) has shown the presence of Al in 130 plants species and finds no cor¬ 
relation of the relative presence or absence with plant families. His method 
indicates that Al is stored in plant cells in much the same manner as calcium 
oxalate crystals are found, and he suggests that “some plants may justly be 
called aluminum plants.” Hoffer and Carr (9) have demonstrated the mobil¬ 
ity of Al in com. McHargue (14) and Hoffer and Carr (9) have demonstrated 
the presence of Fe in seeds; and its presence in chloroplasts can be demonstrated 
with little trouble at any time. This question seems to the writer to be in¬ 
dissolubly linked with permeability, not only of peripheral cells but of contigu¬ 
ous cells. 

2. It is doubtful how far these data can be used to explain why one soil 
with low pH is toxic whereas another is not. That Ca is a factor is reason¬ 
able to suppose, but there are many others. However some evidence is at 
hand bearing on this point. 

Six-inch pots were filled in duplicate with six soils [for analysis of four soils 
see previous paper (16)]. Five of these soils were known to lack plant-food 
and to be low in Ca; the fifth was regularly limed every year. Each pot was 
planted with 12 bean seedlings. One series was watered with distilled water, 
the second and third with 3.3 p.p.m. Fe. But to the third series had been 
added 5 gm. of CaCOa per pot. Approximately 14 liters of solution were used 
to each pot added at 15 intervals. Table 7 shows the tendency. 

In all cases the presence of free Fe in the soil solution produced a stunted 
crop, and, with one exception, the addition of Ca to the soils almost entirely 
overcame the toxicity of the Fe. The use as a check on this point of a soil 
which had been limed for several years sustains the opinion that lime in the 
soil solution is an important ecologic factor even when the pH is abnormally 
low, and further, that lime in the soil solution may completely antagonize the 
toxic action of traces of Fe. The antagonism of Ca for Al has been shown.' 

From the data presented, it is doubtful if Phaseolus can survive an Fe or Al 
concentration exceeding 0.35 p.p.m. no matter how much Ca be present. With 
lupines the limit is placed at about 1 p.p.m. Fe or Al with the presence of a 
minimum concentration of Ca. 

That Al is present in the soil at about this concentration, although not 
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demonstrated, is to be expected from the work of Magistad (15). Fe parallels 
the solubility of A1 to a great extent. With the turning point of an Fe and A1 
solubility curve at pH 5.0, the two metals are brought into the soil solution in 
increasing concentration depending on the phosphate content of the soil. 
These metals are about five times as efficient in their toxic action as the H ion 
but their toxic action will depend on the Ca concentration of the soil solution. 

TABLE 7 

Weight of tops of Phaseolus sp. grown in pots with six different soils 
One soil series is untreated; tlie second and third series show the effect of Fe and the 
antagonism of Ca. 


SOIL 

DISTILLED WATER ONLY 

3.3 p.pji. Fe (no CaCOi) 

3.3 P.P.M. Fe, 5 gm. CaCOj 

PER POT 

Number plants 
per pot 

Average weight 
tops 1 plant 

Nodules 

Number plants 
per pot 

Average weight 
tops 1 plant 

Nodules 

Number plants 
per pot 

Average weight 
pots 1 plant 

Nodules 


! 

gm. 



gm. 



gm. 


1 

1 9 

3.5 


10 

3.2 


11 

3.5 


1 


4.1 


10 

2.8 


11 

3.7 


Average. 

L 

3.8 

Few 



None 

■ 

3.6 

Many 

2 

11 

4.6 


11 

3.9 1 


E 

3.9 


2 

11 

4.1 


11 

3.6 


n 

3.4 


Average. 


4.35 

Many, 


3.75 

Few, 

S 


Very many, 




■small 



small 

B 


large 

3 

11 



10 

2.2 


10 

3.2 


3 

10 



11 

2.3 


10 

3.7 ! 


Average. 


3.75 

None 


2.25 

None 



Many, large 

4 

11 

3.4 


10 

2.8 


10 

3.9 


4 

11 

3.5 


11 

3.3 


11 

4.0 ! 


Average. 





3.05 

None 


3.95 

Many, large 

limed soil 

11 

4.2 

Many 

10 

4.2 

Many, 

11 

4.2 

Very many. 







small 



large 

5 

8 

3.7 

None 


2.8 

None 

9 

3.9 

Many, small 


From Magistad’s curve and from the data here presented, it is quite possible 
that a soil with a pH of 4.3 will show no evidence of toxicity should the phos¬ 
phate and Ca content be high. Blair and Prince (3) and Burgess (5) have 
indicated that with lettuce, onions, and soybeans, the toxicity of soils is not 
due to pH but most probably to Al. 

3. Leitch (13), Lehenbauer (12), Balls (1), and others have shown that the 
optimum temperature for the growth of plants is 29 P C. From 2-29°C., 
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growth and temperature can be expressed in a uniform curve; at higher tem¬ 
peratures the growth curve is very erratic, and no single law governs the 
tendency. 

^Behring (2) showed that the action of disinfectants is increased by a rise in 
temperature but the writer knows of no other work bearing on the increased 
toxicity of metals with rise in temperature. 

The data presented show the increased toxicity of water at 29°C., the greater 
toxic action of A1 and Fe at this temperature, and the marked beneficial effects 
of increased concentrations of Ca. The resistant lupine acts at 29°C. much 
the same as the relatively sensitive bean at 17-21°C. These data check the 
demonstrations of Hansteen-Cranner (6) but a discussion is reserved until 
more evidence is obtained. 

It is the opinion of the writer, from the evidence presented, that the value of 
pH determinations of the soil is only in the prediction of the elements one may 
expect to find in the soil solution; that plants do not .show a preference for a 
specific pH in the concentrations in which the H ion is usually found in the 
soil (16) but that plants may more correctly be called “calciphils” and “cal- 
ciphobes ,, or, from Kratzman’s investigations, “aluminaphils” and “alumi- 
naphobes.” 


SUMMARY 

With the condition and growth of the radicals of Lupinus dibus and Phase #- 
lus vulgaris nanus as criteria, the relative toxicity of Fe and A1 to these plants 
and to each other was studied. 

Some data are presented showing the increased toxicity of A1 and Fe at 
29 C C. 

L. albus is about three times as resistant to A1 and Fe as is Phaseolus . 

The Fe ion is about five to seven times as toxic as the H ion. 

The different physiological toxicities of the A1 and Fe ions are designated. 

The antagonism of Ca for A1 and Fe is demonstrated and from these data 
the limits of A1 and Fe concentration that may exist in the soil solution are 
approximated for L. albus and for Phaseolus. Pot experiments are used to 
check water culture conclusions. 

Experiments and citations are discussed in support of the opinion that cH 1 
of itself is of little importance as an ecologic factor. 
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BOOK REVIEW 


Lekrbuch der Agrikulturchemie (Textbook of Agricultural Chemistry). By E. 

Haselhoff and E. Blanck. Gebriider Bomtraeger, Berlin. Teil I. 

PJlanzenemdhrungslehre {Plant Nutrition). By E. Blanch 1927. Pp. 

207, price, 10.50 M. Teil II. DiingemitteUehre (.Fertilizers ). By E. 

Haselhoff. 1928. Pp. 216, price, 12.0 M. Teil EH. Bodenlehre (Soils). 

By E. Blanck. 1928. Pp. 208, price, 11.40 M. 

The purpose of these books, which are designed primarily for the agricultural 
student and the practical agriculturist, is to give a summary of the present 
status of investigation in the field of agricultural chemistry. Without going 
into a detailed review of the various individual investigations, the authors 
have presented a complete survey of the science of agricultural chemistry and 
its influence upon practical agriculture. No attempt has been made to review 
the literature completely or thoroughly; the authors have limited themselves 
to a discussion of the fundamental principles underlying the subject. 

The first part, prepared by Prof. Blanck of the University of Gottingen, 
treats of the principles of plant nutrition and plant metabolism, including 
sections on the chemical composition of the organic and inorganic plant con¬ 
stituents and on the formation and transformation of organic matter in the 
plants. The second part, prepared by Prof. Haselhoff, deals with principles 
of fertilization and with natural and artificial fertilizers. The third part, pre¬ 
pared by Prof. Blanck, treats of soil science in its relation to geology, processes 
of weathering, the rdle of minerals and rocks in soil formation, influence of 
climate upon soil formation, chemical composition of soil, biological condition 
of soil, etc. The fourth part of this book dealing with animal feeding, by E. 
Haselhoff, is still to be published. 

Each part is complete in itself and has detailed author and subject indexes. 
The treatment of the subject is authoritative throughout and the book should 
find its place in every agricultural library. 

S. A. Waesman. 
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Performance of Cya?iamid in 
New Jersey Field Experiments 

T HE work of the New Jersey Agricultural Experi¬ 
ment Station, particularly the research on nitroge¬ 
nous fertilizers, is recognized throughout the world 
for its reliability and general merit. 

In its field experiments covering a period of approximately 
twenty years and using a standard crop rotation both 
with and without lime, data have been accumulated which 
are of interest to all agricultural workers. 

These results have been published by the New Jersey 
Station in four separate papers, each representing the 
product of a five-year period. In the following table these 
figures are brought together in a single report and ar¬ 
ranged in convenient form for easy comparison of the 
yields from these nitrogen carrying fertilizers. 

Total Yields of Grain in Pounds per Acre 


Cyaxamid 
Plots 12A-12B 


Nitrate of 
Soda 

Plots 9A-9B 


Sulphate of 
Ammonia 
Plots 11A-11B 


Corn—Unlimed. 8,867 8,483 5,485 

Corn—Limed. 10,528 9,272 11,015 

Oats—Unlimed. 4,401 4,353 4,05S 

Oats—Limed. 4,043 3,363 4,38$ 

Wheat—Unlimed. 4,939 5,028 2,881 

Wheat—Limed. 4,899 4,329 5,035 

Bariev—Unlimed. 1,452 1,308 56 

Barley—Limed. 1,432 1,244 1,36C 

TOTAL. 40,561 37,3SO 34,280 

RELATIVE EFFICIENCY 100 92 8L5 


Years 190S-1927, inclusive. 

BIBLIOGRAPHY—Field Experiments on The Availability of Nitro¬ 
genous Fertilizers—Bulletin No. 260, N J. Agr. Exp. Sta. (1913)— 
J. G. Lipman and A. W. Blair. 

Field Experiments on The Availability of Nitrogenous Fertilizers, 
1908-1917—Soil Science, Vol, IX, pp. 371-392 (1920)—J. G. Lipman 
and A. W, Blair. 

Field Experiments on The Availability of Nitrogenous Fertilizers, 
1918-1922—Soil Science, Vol. XIX, pp. $7-79 (1925)—J G. Lipman, 
A. W. Blair and A. L. Prince. 

Field Experiments on The Availability of Nitrogenous Fertilizers— 
Soil Science, Vol. XXVI, pp. 1-25 (1928)—J. G. Lipman, A. \V. Blair 
and A. L. Prince. 

AMERICAN CYANAMID COMPANY 

Pioneer Producers of Air Nitrogen Products in Arnerica 
535 FIFTH AVENUE NEW YORK 
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THE INFLUENCE OF MANGANIFEROUS SOILS ON THE ACCURACY 
OF THE QUINHYDRONE ELECTRODE 

W. T. McGEORGE 

Hawaiian Sugar Planters* Association Experiment Station 
Received for publication August 20,1928 

The increasingly important position of soil reaction in soil fertility studies 
has stimulated much development in accurate methods of estimating slight 
variations in hydrogen- and hydroxyl-ion concentration in soils. The investi¬ 
gations of Sharp and Hoagland (7) on the application of the hydrogen electrode 
stand out prominently in this field of endeavor. But, as usually follows the 
extensive application of new analytical methods, limitations are often met in 
practice. In measuring the pH of neutral or slightly alkaline soils, the CO* 
equilibrium enters into the reaction and the observed voltages are often mis¬ 
leading. In some cases, hydrogen must be passed through the soil for long 
periods which too, is an objection. Also the electrode may show error in the 
presence of certain unsaturated substances or small amounts of active oxidizing 
agents, such as nitrate ions. Some have registered objection to the platinum 
black coating on the electrodes which is rapidly poisoned by certain materials. 

In 1920, Billman showed that it was possible to form, by means of the organic 
compound quinhydrone, an electrode which could be used for making hydro¬ 
gen-ion determinations and with which very constant voltages could be main¬ 
tained. Out of this, the so-called quinhydrone - electrode method for deter¬ 
mining soil reaction has grown. The method was shown to have several 
advantages over the hydrogen electrode, notable among which were its sim¬ 
plicity, rapidity with which determinations could be made, and the fact that 
clean platinum electrodes were used. It is now being extensively applied in 
determining the reaction of soils. 

The theory of the quinhydrone electrode has been ably stated and reviewed 
in a number of recent articles so will not be repeated here (1, 2, 3,4). Suffice 
it to say, that the validity of the method is based largely upon the dissociation 
products of quinhydrone in aqueous solutions; namely, quinone, CeELCk, and 
hydroquinone, C 6 H 4 O 2 H 2 . The equilibrium of these products of dissociation 
is an essential feature in the accuracy of the method. It is the purpose of this 
article to present what appears to be a limitation in the application of the 
quinhydrone electrode in determining the reaction of soils. 

EXPERIMENTAL 

The quinhydrone electrode was prepared as described by Billman (2, 3). 
The special KC1-HC1 half cell (0.01 N HC1: 0.0 9N KC1) was used. This was 
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connected by capillarity with a saturated KC1 solution and this in turn by a 
KCl-agar bridge to the soil-water suspension to which a given weight of quin- 
hydrone was added. Clean platinum foil was used for the electrodes. The 
difference in potential was measured with an L. N. students’ type potentiometer 
and a sensitive galvanometer. Correction was made for temperature as in the 
following equation: 

E.M.F. 

pH - pH of KC1 - HC1 half cell + 0 000198 T 

The same potentiometer and galvanometer were used in the comparative de¬ 
terminations with the hydrogen electrode. 

The soils selected represented a wide variation in Hawaiian soil types and 
a reaction range of pH 4.6 to 8.0. A brief description of the soils follows: 

1. A reddish yellow clay loam, add soil, low fertility. 

2. A black silty clay loam. 

3. A yellowish brown silty clay loam. 

4. A yellow silty day loam. 

5. A brown silty clay loam. 

6. A chocolate brown silt loam, highly manganiferous type. 

7. A heavy black clay, high magnesium soil, adobe type. 

8. A black silt loam, highly organic. 

9. A yellow silty clay loam. 

10. A brown silty day loam. 

11. A yellow silty clay loam. 

12. A red silty clay loam. 

13. A silt loam, highly organic. 

14. A reddish brown silty clay loam. 

15. A red clay loam. 

16. A brown silty day loam. 

17. A yellowish brown silty clay loam 

18. A highly saline clay soil. 

19. A red clay loam. 

20. A red clay loam. 

21. A red clay loam. 

22. A red day loam. 

For the pH detenninations, all soils were air-dry. Only boiled distilled 
water was used for the soil-water suspensions. The ratios of soil to water 
were 1:1, 1:2, and 1:5. On account of the high water-absorbing power of 
many Hawaiian soils, it is difficult to get a reading with the hydrogen electrode 
on a 1:1 ratio. Even where the mixture is of sufficient fluidity, the potential 
is very slow in reaching equilibrium, which may account for some of the dis¬ 
crepancies in this column of the table. 

For the detenninations with the hydrogen electrode the soil-water suspen¬ 
sion was prepared one hour before the pH readings were taken. The soil-water 
suspensions for the quinhydrone electrode were also prepared one hour in ad¬ 
vance, but the reagent was added immediately before the reading was taken. 
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During some preliminary tests, it was found that in most cases, 0.025 gm. 
quinhydrone was sufficient to give a constant reading whereas in others, larger 
amounts were required and there was a notable “drift.” The procedure em¬ 
ployed was to add 0.025 gm. of quinhydrone and take the reading at once. An¬ 
other 0.025 gm. was then added and a second reading taken. This was contin¬ 
ued until there was no further drift in the potential. The data are given in 
table 1 and shown graphically in figure 1. 

TABLE 1 


The pH of soils by hydrogen and quinhydrone electrodes at 1:1 , 1:3, and 1:5 soil-water ratios 
compared with percentages of manganese in soils 


SOIL NUMBER 

HYDROGEN ELECTRODE 

QUINHYDRONE ELECTRODE 

PER CENT 

MnsOi 


1:1 

1:3 

1:5 

1:1 

1:3 

1:5 

1 

4.63 

4.65 

4.75 

4.38 

4.81 

4.86 

0.05 

2 

4.83 

4.76 

4.95 

4.73 

5.05 

5.03 

0.02 

3 

4.88 

4.92 

5.14 

4.80 

5.15 

5.24 

0.04 

4 

4.93 

5.14 

5.22 

4.73 

5.22 

5.37 

0.07 

5 

5.19 

5.48 

5.61 

5.41 

5.54 

5.58 

0.04 

6 

5.61 

5.82 

6.05 

7.28 

7.46 

7.72 

4.53 

7 

4.97 

S.76 

6.23 

6.10 

6.26 

6.71 

0.06 

8 

5.31 

5.78 

5.68 

5.66 

5.87 

5.83 

0.09 

9 

5.42 

5.76 

5.91 

5.68 

5.79 

5.83 

0.07 

10 

5.47 

5.76 

5.98 

5.75 

5.92 

5.92 

0.13 

11 

5.81 

6.19 

6.37 

6.08 

6.26 


0.13 

12 

6.12 

6.39 

6.44 

7.20 

7.63 

7.70 

0.34 

13 

6.32 

6.25 

6.74 

6.60 

6.66 

6.68 

0.03 

14 

6.66 

6.79 

6.88 

6.72 

6.85 

6.88 

0.07 

15 

6.66 

6.86 

7.15 

7.88 

8.14 


0.20 

16 

6.96 

6.90 

7.05 

7.16 

7.31 

7.38 

0.08 

17 

6.57 

6.88 

7.10 

6.76 

6.96 

6.97 

0.13 

18 

7.50 

7.71 

8.01 

7.79 

8.00 

8.14 

0.03 

19 

7.81 

7.50 

7.67 

8.02 

8.27 

8.36 

0.13 

20 

7.38 

7.42 

7.50 

8.36 

8.48 

8.54 

0.33 

21 

7.34 

7.52 

7.45 

8.11 

8.44 

8.36 

0.16 

22 

7.25 

7.34 

7.08 

8.11 

8.31 

8.36 

.... 


The data in table 1 and in figure 1 show several soils in which there is a de¬ 
cided lack of agreement and among these is the highly manganiferous type. 
Manganese was then determined in all the soils by extraction with HC1, sp. gr. 
1.115, and these data have been added to the table. By reference to the de¬ 
scription of the soils, it will also be noted that in all cases where lack of agreement 
was found, the soil was a red clay type. Such types we consider to have been 
formed in a more arid environment, as distinguished from the humid, and there¬ 
fore contain iron and manganese as the higher oxides. Manganese is present 
in such types in the form of small pellets of MnOg or as a coating of MnO* upon 
the surface of the soil particles. The evidence is therefore quite convincing 














86 



Pfcr ceirh Manganese as Mn, 










ACCURACY OF QUINHYDRONE ELECTRODE 


87 


that MnOa materially disturbs the equilibrium of the dissociation products of 
quinhydrone. 

j In view of this soil-water suspensions were prepared to which were added 
manganese dioxide, ferric oxide, and ferric hydroxide. The two latter had no 
effect upon the potentiometer reading. On the other hand, manganese dioxide 
produced a “drift” similar to that shown by the “truant” soils. These data 
are given in table 2. 

The conclusion appears inevitable that the quinhydrone electrode is in error 
as applied to soils containing even small amounts of manganese dioxide. As a 
further check upon this, the two electrometric methods were compared with 
the colorimetric method. Of the 22 soils given in table 1, only 5 settled suffi¬ 
ciently to give a supernatant water extract which could be used for a colori¬ 
metric comparison. These soils were numbered 6, 8, 12, 16, and 18. In all 
five soils, the colorimetric and hydrogen electrode methods checked closely. 


TABLE 2 

Potentiometer readings in E.M.F . 


MnOi ADDED 

0.025 Git. 

\ QUINHYDRONE 

0.050 gu. 

QUINHYDRONE 

0.075 GM. QUINHYDRONE 

gm. 

None 

0.130 

0.130 

0.130] 


0.2 

0.180 

0.290 

0.295 

| Sofll 

0.5 

0.230 

0.295 

0.300 j 


None 

0.245 

0.245 

0.245 1 

\ soiin 

0.2 

0.295 

0.345 

0.345 

0.5 

0.320 

0.360 

0.355 j 

1 


whereas the quinhydrone electrode gave results much higher in 6 and 12, the 
manganiferous soils. 


DISCUSSION 

In the original work by Billman, 75 soils were used and comparisons between 
the hydrogen and quinhydrone electrodes made. In all except 7, close agree¬ 
ment was found, and in these 7 soils the disagreement was later found to be 
due to analytical errors. No mention is made as to any other factor arising 
in these discrepancies, Baver (1) has obtained satisfactory results, as has also 
Clark and Collins (4), with the quinhydrone electrode. 

La Mer and Parsons (5), and La Mer and Rideal (6), have made rather in¬ 
tensive studies of the factors affecting the accuracy of the quinhydrone elec¬ 
trode which are of interest in connection with the above property of mangani¬ 
ferous soils. They found that the addition of an alkali to a solution of quin¬ 
hydrone causes the latter to act as an auto-oxidizable substance according 
to the following equation: 


C6H4(OH) 2 -f-Cfe-* QftOa + HsOa 
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In other words, that hydroquinone has the property of absorbing oxygen in 
alkaline solution. But, when the solution is acid, molecular oxygen is unable 
to effect any detectable oxidizing action upon hydroquinone although the latter 
is rapidly oxidized by cer tain inorganic agents possessing less powerful oxidizing 
potentials than oxygen, such as ferric ions. As previously stated, the validity 
of the quinhydrone method depends primarily upon the ratio of quinone to 
hydroquinone equal to unity. La Mer and Parsons name three factors which 
may cause this equilibrium to be disturbed. 

1. The ionization of hydroquinone as a weak add .... 

2. Through hydroquinone or quinone being converted into the other by the action of some 
other active nri riizmg or reducing component present in the system or by their unequal con¬ 
version into other bodies. The presence of such rapid oxidizing agents as ferric, permangan¬ 
ate, and dichromate ions or such rapid reducing agents as iodide, titanous, and chromous ions, 
to mention only a few, will obviously interfere with the use of the quinhydrone electrode, 
as all these substances react so rapidly with hydroquinone or quinone that they may be used 
to determine them in volumetric analysis. 

3. Changes due to the presence of other electrolytes .... 

CONCLUSIONS 

The accuracy of the quinhydrone for the determination of soil reaction is 
greatly affected by the presence of small amounts of manganese dioxide. 

It is not the purpose of this article to condemn the use of the quinhydrone 
electrode for soil analyses. The drift shown by the potentiometer with man- 
ganiferous soils is sufficiently rapid and characteristic as to warn the analyst 
against reporting erroneous results on such types. 
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Concentration and volume are two distinct characteristics of a solution that 
should receive equal consideration in studies on plant nutrition. Too fre¬ 
quently the concentration of a solution is discussed without proper considera¬ 
tion of the volume involved. These two factors are in part analogous to the 
“intensity” and “capacity” factors of energy. The energy of a falling stream 
of water depends on the height of fall, the intensity factor, and on the quantity 
of water falling, the capacity factor. In a nutrient solution the initial concen¬ 
tration may he considered the intensity factor and the volume or total avail¬ 
able supply, the capacity factor. Each is fundamental and should be con¬ 
sidered in interpreting the results of plant nutritional experiments. In the 
soil these two characteristics are likewise important. The intensity factor 
may be regarded as the concentration of the soil solution at any given time, 
whereas the capacity factor is determined by the nature of the solid phases and 
by the volume of soil physiologically available for root dispersion. 

An important question to be answered regarding the mineral nutrient 
requirements of plants and one which is not only scientifically interesting but 
also directly related to practical agriculture is, “What is the optimum concen¬ 
tration of a given element in a nutrient solution when the volume or total 
supply is not a limiting factor?” The term “optimum solution” here used is 
defined (4) as the “least concentration giving a yield equal to any higher con¬ 
centration,” that is, a minimum concentration giving a maximum yield. It is 
of course understood that such a question must be answered first for a par¬ 
ticular plant grown under a given set of conditions, and later for other plants 
grown under other conditions. 

Analyses of published data on the effect of concentration on plant growth 
frequently show a volume relationship. The total salt supply often becomes 
the limiting factor. Before it is possible to determine accurately the effect of 
concentration it seems necessary to eliminate or to minimize the factor of 
volume or total supply from the problem. The use of large volumes of solu¬ 
tion as well as frequent changes is a move in the right direction. Parker and 
Pierre (12) conducted an experiment to determine the minimum concentration 

1 Acknowledgment is made of a grant from the American Potash and Chemical Company 
in partial support of this investigation. 
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of potassium necessary for maximum growth of com and soybeans. One 
com plant was grown in 7500 cc. of nutrient solution which was changed twice 
a day during the later part of the growing period when absorption was rapid. 
Under these conditions the average rate of change was approximately 10 cc. 
per minute per plant. 

A few experiments have been reported in which solutions were continuously 
changed, but in these experiments the rates of flow per plant were too low to 
to make an accurate study of the minimum concentration. Trelease and 
Livingston (17) report a rate of 400 cc. per day per plant, which is approxi¬ 
mately 0.3 cc. per minute. Shive and Stahl (14) have described and used a 
much simplified apparatus for the continuous renewal of solutions in a series of 
cultures. The delivery tubes of their apparatus were calibrated to supply 
each culture with 1 liter of new solution every 24 hours. If each culture con¬ 
tained a single plant the rate of flow would be approximately 0.7 cc. per minute. 
This apparatus has the advantage of simple construction and of being well 
adapted to the simultaneous study of a large number of solutions. Its ca¬ 
pacity as described is not great enough for studies of minimum salt require¬ 
ment, but it could doubtless be employed for such studies by using larger 
reservoir bottles and delivery tubes of greater bore. 

EXPERIMENTATION 

The experiments reported in this paper were designed to approximate the 
m ini m u m potassium concentration required by the tomato plant. The work 
was carried out in the division of plant nutrition at the University of California 
with the Santa Clara Canner variety. Seeds were germinated between 
layers of moist filter paper and when the roots were 2 to 10 mm. long the young 
plants were transferred to a germination net similar to that previously described 
(8). After the seedlings had developed good roots and grown to approximately 
2 to 3 cm. in length they were transferred to the culture solutions. 

A special flowing solution apparatus, already described (9), was devised for 
these experiments. The plant containers were 5-gallon glazed earthenware 
jars. A special cover of heavy sheet copper was made to fit each of the 24 
jars used in these experiments. Five holes were cut in each cover and then a 
heavy coating of tin was applied as a precaution against copper poisoning. 
These holes were large enough to receive the flat cork stoppers commonly used 
to support plants in ordinary fruit jars. The rate of flow of solution from the 
plant container was controlled by rai sing or lowering a siphon outlet which was 
fitted to each culture jar. The appearance of the apparatus at the beginning 
of one of the experiments is shown in plate 1, figure 1. 

The general culture solutions used in the flowing solution experiments were 
made up from the following salts: calcium nitrate, magnesium sulfate, mag¬ 
nesium phosphate (secondary), manganese sulfate, and ferric tartrate. Since 
boron was found by Johnston and Dore (10, 11) to be absolutely necessary 
for the growth of the tomato plant, it was added as boric acid. To the general 
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culture solutions potassium was supplied as potassium sulfate. In the first 
experiment the approximate calculated concentrations of these nutrient ions 
were: 



SOLUTION A 

SOLUTION B 


p.p.m. 

miUiequiwileni* 

p.p.m. 

miUiequivalent* 

Ca. 

200 

10.0 

200 

10.0 

Mg. 

67 

5.5 

67 

5.5 

K . 

3.9 

0.1 

39.1 

1.0 

NO,. 

620 

10.0 

620 

10.0 

SO4 . .» . 

199 

6.3 

242 

7.8 

PO,. 

15 

0.5 

15 

0.5 

B . 

0.55 

0.15 

0.55 

0.15 

Mn. 

1 

0.0364 

1 

0.0364 

Fe. 

(Enough to keep plants green) 


♦Values based on a liter of solution. 


Actual analyses, however, showed these general culture solutions to contain 
less potassium than that calculated. The initial potassium concentration of 
the solutions used in the five experiments here reported are expressed as aver¬ 
age values of several analyses. The solutions used in the other experiments 
were like these with the exception of the amounts of potassium sulfate. 

The particular potassium concentrations employed were not chosen entirely 
arbitrarily, but the values were suggested by the magnitude of potassium 
concentrations found in the displaced solutions of certain soils which were being 
investigated with reference to the adequacy or inadequacy of their potassium- 
supplying power. It was essential to limit the experiments to one general 
type of culture solution, and therefore we are not now considering the possible 
physiological effects of different concentrations of other ions in solutions con¬ 
taining very low potassium concentrations. It need only be remarked that 
the solution used was in a general way very similar to many displaced solu¬ 
tions obtained from California soils. 

Growth data 

In the first of the five experiments with the flowing solution apparatus the 
24 culture jars each containing four plants were divided into four groups. In 
order to study the possible relations between light conditions and potassium 
concentrations the plants in two groups were grown under a single thickness of 
cheesecloth within the greenhouse, the others were grown under ordinary 
greenhouse conditions. One group of plants in the cheesecloth shelter and 
one group of unshaded plants were supplied with the low potassium solutions 
(3.7 p.p.m.) whereas the other two groups received the high potassium solution 
(35.1 p.p.m.). For brevity these four culture groups are designated as OH, 
OL , SH f and SL where 0 represents open or unshaded conditions in the green¬ 
house; S, shaded conditions;#,high potassium; and L, low potassium. Thus 
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SH represents tlxe group of plants grown in high potassium solution within 
the cheesecloth shelter in the greenhouse. 

The seedlings of the first experiment were set out in their respective culture 
jars on August 17, 1926. The approximate rate of solution flow per plant per 
minute was 1.2 cc. By September 16, differences between plants of the high 
and low potassium groups were quite marked. Both the OH and SH plants 
were taller and had thic ker stems. Flower buds were noted on the plants of 
the OH group on September 20 and on those of the OL group on September 
25. On September 22 and October 2 samples of the solutions from the culture 
jars were ta ken for potassium analysis. These data are represented in table 1. 

The solutions before they entered the culture jars had a pH value of 7.2 
and the average values of the potassium analyses gave 35.1 p.p.m. and 3.7 
p.p.m. for high and low cultures respectively. The figures given in table 1, 
when the growth of the plants is considered (see table 2), clearly indicate that 
the low potassium concentration used in this experiment with the given rate 
of flow (1.2 cc. per minute) was a limiting factor. The analyses of the residual 


TABLE 1 

Potassium analyses of flowing nutrient solutions in which tomato plants were growing 


COLTU&E 

SEPTEMBER 22 

OCTOBER. 2 


pH 


pH 


OH . 


13.2 

mm 

8.5 




WXM 

0.7 

SH .... 

fW 

10.7 

7.4 

11.6 

SL . 

mm 

0.3 

7.0 

0.4 


solutions on September 22 show that the plants removed enough potassium 
to reduce the concentration from 35.1 to 13.2 and 10.7 p.p.m. in case of the 
high potassium groups, OH and SH, and from 3.7 to 0.2 and 0.3 in the low 
potassium groups, OL and SL. 

The plants were harvested on October 5 and 6; these data are given in 
table 2. The general appearance of the OH and OL groups prior to harvest 
can be seen in plate 1, figure 2. The SH and SL groups are within the cheese 
doth shelter. The values for each group represent lie average of 24 plants 
except in the case of the dry weight of tops, where 12 plants were used, the 
other 12 having been set aside for other purposes. Stem height was considered 
to be the distance from the upper surface of the cork stopper to the base of 
the tenninal bud. At the time of harvest numerous flower buds were present 
on the plants of the OH group with full flowers appearing on about ha lf the 
number. A few flower buds, none open, however, appeared on the plants of 
the OL group, but none was observed on any plants of the shaded groups. 

^ Dry weight data (table 2) are perhaps the best criteria of growth. Objec¬ 
tion may be raised to the small number of plants (twelve) used in each group. 
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For that reason the maximum and minimum dry weights as well as the average 
are recorded. When the data of the high and low potassium groups of each 
light condition are examined it will be noted that the minimum of the high 
group is greater than the maximum of the low potassium group in each of the 
two cases. There is no overlapping so that the differences in the averages are 
quite significant. Little doubt can exist that the amount of potassium is the 
limiting growth factor for plants of groups OL and SL. 

Attention is called to the dry weight ratios of the two groups exposed to the 
two light conditions. 


OL/OH 5.2/13.6 = 0.38 
SL/SH 3.6/ 9.2 = 0.39 

■ Here it would appear that light intensity also limits growth, for the ratio of 
the low to high potassium cultures remains practically the same under two 
given light conditions. In other words, the low light intensity limits growth 


TABLE 2 

Average growth of tomato plants grown in solutions of high and low potassium content and under 

two different light conditions 


GROUP 

STEM HEIGHT 

GREEN WEIGHT (TOPS) 

DRY WEIGHT (TOPS) 

DRY 

WEIGHT 

(ROOTS) 

Aver¬ 

age 

Maxi¬ 

mum 

Mini¬ 

mum 

Aver¬ 

age 

Maxi¬ 

mum 

Mini¬ 

mum 

Aver¬ 

age 

Maxi¬ 

mum 

Mini¬ 

mum 

Average 


cm. 

cm. 

cm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

OH . 

98 

118 

70 

165 

220 

104 

13.6 

17.8 

E 

5.6 

OL . 

68 

84 

53 

50 

72 

30 

5.2 

6.7 

2.9 

3.5 

SB. . 

117 

127 

93 

130 

230 

72 

9.2 

16.3 

5.3 

3.0 

SL . 

76 



38 

52 

28 

3.6 

4.3 

, 

2.3 

2.3 


in the same proportion whether or not the potassium supply is a limiting 
factor. This is perhaps better seen when the fractions are rearranged thus: 

SH/OH m 9.2/13.6 « 0.69 
SL/OL - 3.6/ 5.2 = 0.69 

Apparently we have here an example of two limiting factors which are in 
effect operative at the same time. Considering the plants grown under shade 
and in a low potassium solution, evidently it was possible to increase their 
yield by either increasing the potassium concentration of the solution or by 
improving the condition of illumination, maximum yields being obtained, 
however, only when both factors were changed. None of the data now avail¬ 
able make it possible to suggest an explanation of the mechanism involved in 
these relations. The actual percentages of potassium in the tissues of the 
shaded plants were higher than in the corresponding unshaded plants. Per¬ 
haps for the production of a given total quantity of dry matter a higher per- 
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centage of potassium is required with low light values tha n with high. In 
any case, experiments of this type have not only theoretical but also practical 
interest. For example, Russell (13) suggests that there may be a relation 
between sunshine and potassium fertilization with tomatoes and other plants. 
Incidentally, in making such comparisons, it is well to note that light values 
in a greenhouse are much lower than outside, and the quality of the light is 
also different. It remains to be determined how light values higher than those 
of the gre enh ouse, would be related to potassium concentrations in the culture 
solution. 

This first experiment with the flowing solution apparatus clearly showed that 
a po tassium concentration of 3.7 p.p.m. flowing at the rate of 1.2 cc. per minute 
per plant was below the minimum for the best growth of the tomato under the 
given conditions. The second experiment, therefore, was modified con¬ 
siderably. The cheesecloth shelter was removed and a single plant was grown 


TABLE 3 

Average weekly height of tomato plants in experiment 2, together with the maxima and 
minima of each group 


WEEK ENDING 

LOW POTASSIUM CONCEN¬ 
TRATION 

HIGH potassium: concen¬ 
tration 

Average 

Maxi¬ 

mum 

Mini¬ 

mum 

Average 

Maxi¬ 

mum 

Mini¬ 

mum 

November 4, 1926. 

cm. 

2.5 

cm. 

3.1 

cm. 

2.0 

cm. 

2.5 

cm. 

3.0 

cm. 

2.2 

November 11, 1926... 

6.1 

7.1 

5.4 

6.2 

6.6 

5.5 

November 18,1926. 

12.5 

14,0 

29.4 

11.2 

13.0 

14.1 

11.7 

November 25,1926. 

27.0 

24.5 

27.8 

31.2 

25.1 

December 2,1926. 

39.5 

44.0 

34.5 

43.5 

52.0 

39.2. 

57.5 

December 9,1926. 

59.1 

64.0 

54.3 

62.7 

71.5 

December 16,1926. . 

84.9 

92.6 

77.8 

91.7 


82.5 



in each 5-gallon culture jar. The initial potassium concentrations of the 
solutions were 3.7 and 35.1 p.p.m. for the L and E cultures respectively. Each 
of the two groups contained 12 plants while the rate of flow was 4.6 cc. per 
minute per plant. The experiment was started October 28 and ended Decem¬ 
ber 16, 1926. 

Little, if any, difference existed between the plants of the two groups 
until November 27, at which time the high potassium plants appeared to be 
somewhat better in general vigor and their stems slightly thicker. On Decem¬ 
ber 2 measurable differences occurred in the average stem height data, as 
recorded in table 3. 

At time of harvest, the stems of the plants in the high potassium groups 
were distinctly thicker than those in the low potassium group. Flower buds 
had developed to some extent in both groups, but none had opened. Slight 
tip bum appeared on some leaves in both groups while a few leaves on three 
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of the low potassium plants were somewhat spotted. This particular 
spotting is characteristic of potassium deficiency in the tomato and resemble 
that found in the potato under similar conditions. Incidentally it is interest¬ 
ing to note that similar leaf spotting was observed with tomato plants grown 
in a certain California soil, the displaced solution of which contained potassium 
in a concentration very similar to that of the low potassium solution used in 
the present experiments. Figure 1 of plate 2 illustrates this condition of the 
tomato leaf. The green and dry weights of the plants in the second experi¬ 
ment are given in table 4. 

The plants of the two groups in experiment 2 were more nearly alike in size 
than those of the high and low potassium groups in experiment 1. However, 
the evidence presented in experiment 2 shows that under these conditions, 


TABLE 4 

Average green and dry weights of tomato plants in experiment 2 , together with the maxima and 

minima of each group 



LOW POTASSIUM CONCEN¬ 
TRATION 

HIGH POTASSIUM CONCEN¬ 
TRATION 

Average 

Maxi¬ 

mum 



Maxi¬ 

mum 

Mini¬ 

mum 


gtrt. 

gm. 

gm. 

gm. 

gm. 

gm. 


Green weight 


Tods. 

mm 

— 



251 

mm 

Roots. 

HI 

H 



35 

m 

Total. 

H 







Dry weight 

, 

Tods.. 

1 

7.2 

9.2 

5.7 

10.8 

13.0 

8.5 

* w r°' .... 

Roots. 

1.1 

1.4 

0.9 

1.0 

1.2 

0.8 

Total. 

8.3 

11.8 


3.7 p.p.m. of potassium in a solution flowing at the rate of 4.6 cc. per minute 
per plant was less efficient than 35.1 p.p.m. of the control solution in producing 
growth. 

A third experiment was carried out similar to experiment s but differing 
only in the rate of flow. The low potassium solutions passed through the 
culture jars at the rate of 8 cc. per minute per plant. The rate of the high 
potassium solution was 4 cc. per minute per plant. This experiment was 
conducted from January 17 to February 21, but even under the increased 
rate of flow, growth of the tomato plants in the low potassium solution (3.7 
p.p.m.) did not equal that of the control plants. Analyses of the residual 
solution on the last day of the experiment showed only a slight drop in the 
potassium concentration. The original concentration of potassium was more 
nearly maintained in this experiment than in any of the others. 
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Experiment 4 was quite similar to experiment 3 except for one important 
modification. The same rates of flow were maintained, but the concentration 
of potassium in the L group was increased from 3.7 to 4.9 p.p.m. The experi¬ 
mental period included the time from February 21, to April 7, 1927, and 
more nearly equalled the length of periods used in the first two experi¬ 
ments. Analyses of the residual solutions on the last day of the experiment 
showed that the potassium concentrations had been reduced to 2.0 and to 
30.6 p.p.m. for the L and E cultures respectively. The similarity in growth 
of the plants in these two groups is shown in table 5. 


TABLE 5 

weekly height and average green and dry weights of tomato plants in experiment 4 


WEES ENDING 

LOW POTASSIUM 
CONCENTRATION 

HIGH POTASSIUM 
CONCENTRATION 


Average weekly height 


cm. 

cm. 

February 28,1927. 

1.9 

1.8 

March 7,1927. 

4.2 

4.3 

March 14,1927. 

8.6 

8.5 

March 21,1927.. 

20.0 

18.9 

March 28,1927. 

33.9 

31.4 

April 4, 1927. 

46.7 

43.5 

April 7,1927. 

54.8 

50.9 


Green weight 


gm. 

1 gm. 


13 3 

12 0 

Roots. 

3 0 

2 ft 

Total. 

16.3 

15.7 



Dry weight 


gm. 

gm. 


8 8 

R 1 

Roots... 

1 4 

1 3 

Total. 

10.2 

9.6 



Under the conditions of these experiments it would appear that the tomato 
plants required a mi n im um of approximately 5 p.p.m. initial concentration 
of potassium when the rate of flow was 8 cc. per minute per plant. In order, 
however, to test out again the solution of slightly lower concentration flowing 
at the same rate, experiment 5 was carried out. This was a du plica te of 
experiment 3, hut was conducted at a later date, April 11 to May 23, 1927. 
Hie results were similar to those of experiment 3 in that it seemed quite 
that the potassium concentration was below the minimum requirement of the 
tomato plant. The general appearance of the plants in both sets was very 
good, but the stems of the high potassium plants were definitely thi cker and 
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the leaves longer than those of the low potassium group. The somewhat 
stockier appearance of the high potassium plants is indicated in plate 2, figure 2, 
where a representative plant of each group is shown. 

The data from the five experiments on the relation of the minimum potas¬ 
sium level in flowing nutrient solution to the growth of tomato plants are 
s umma rized in table 6. With the exception of experiment 3 the durations 
were approximately equal. The initial potassium concentrations of the solu¬ 
tions are the average values obtained from analyses of the inflowing solutions. 
During the progress of each experiment, samples of solutions were collected 
from the plant containers for potassium analysis, but only the analyses of the 
final samples taken at dates of harvest are given in the table. When the 


TABLE 6 

Relation of potassium in flowing nutrient solutions to growth of the tomato plant 



EXPERIMENT 

1 

EXPERIMENT 

2 

EXPERIMENT 

3 

EXPERIMENT 

4 

EXPERIMENT 

5 

Period: 


1926 

1926 

1927 

1927 

1927 

Beginning. 


Aug 17 

Oct. 28 

Jan, 17 

Feb. 21 

Adi 

.11 

Ending. 


Oct. 5 

Dec. 16 

Feb. 21 

Apr. 7 

May 23 

Duration (days). 


49 

49 

35 

45 

42 

Group. 

L 

H 

L 

H 

L 

B 

L 

H 

L 

H 

Approximate rate of flow per 











minute per plant.. 


1.2 

1.2 

4.6 

4.6 

8.0 

4.0 

8.0 

4.0 

8.0 

m 

K in solutions 









m 



Initial. 

.. p.p.m. 

3.7 

35.1 

3.7 

35.1 

3.7 

35.1 

4.9 


3.7 

35.1 

Residual. 

.p.p.m. 

0.7 

8.5 

1.4 

23.1 

3.5 

34.6 

2.0 

EE 

1.1 

24.3 

Average height. 

.... cm . 

68.0 


84.9 

91.7 

34.1 

38.6 

54.8 

50.9 

49.4 

48.1 

Dry weight 












Tops. 

.,. .gm. 

5.2 

13.6 

! 7.2 

10.8 

1.8 

2.8 

8.8 

8.3 

12.3 

19.8 

Roots. 

- gm . 

3.5 

5.6 

1 1.1 



0.3 

1.4 

1.3 

1 1.8 

1.9 

Total. 

— gm. 

8.7 

19.2 

8.3 

11.8 


3.1 

10.2 

9.6 

14.1 

21.7 


plants were younger the potassium concentrations were not reduced to the 
extent they were at time of harvest. The greatest amount of potassium 
reduction from a concentration of 3.7 p.p.m occurred in experiment 1. Here 
the rate of flow was lowest. An almost equal reduction occurred in experi¬ 
ment 5, but in this case the rate of flow was much higher. This greater rate 
of flow should tend to prevent much reduction in the residual solution. How¬ 
ever, seasonal conditions were perhaps more conducive to vigorous growth in 
experiment 5 than in experiment 1 as is indicated by the dry weight data. 

The least reduction of potassium from the original concentration of 3.7 
p.p.m. occurred in experiment 3. This is not surprising, for the duration of 
this experiment was only 35 days and in addition the climatic conditions at 
that time of year were perhaps poorest for growth. These plants were un- 
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doubtedly less mature than those in the other experiments. This is clearly 
shown by the dry weights as well as the height measurements. 

In experiment 4 the total dry weights of the low and high potassium groups 
were practically the same. It is therefore reasonable to conclude that a 
solution originally con taining 4.9 p.p.m. potassium flowing at the rate of 8 cc. 
per minute per plant is as good for growing these tomato plants as is the control 
solution con taining 35.1 p.p.m. potassium flowing at the rate of 4 cc. per 
minute per plant. The analyses of the final samples collected in this experi¬ 
ment indicate that plants in both the L and E groups were rapidly reducing 


An interesting observation was made in connection with certain potassium 
analyses of the solutions collected in experiment 5. The outlet tubes from 
the culture jars were so arranged that composite samples of the residual 
solutions could be collected by merely placing empty vessels under the ends 
of the drain tubes. On May 15, samples were collected at 7.30 a. m. and 
4.30 p.m. and on May 22, similar samples were obtained at 9 a. m. and 6.30 
p. m. The following potassium concentrations, expressed as parts per million, 
were found: 



LOW POTASSIUM 

HIGH POTASSIUM 


a.m. 

p.m. 

a.m. 

p.m. 

May 15. 

2.24 

1.60 

28.38 

23.88 

May 22. 

1.32 

0.80 

24.40 

24.16 


In each case, samples collected in the early morning contained more potassium 
than samples collected in the late afternoon. This is taken to indicate a more 
rapid absorption of potassium by the plants in the afternoon than in early 
morning and is probably related to differences in light. Each sample was 
collected in a 2-quart fruit jar requiring from 30 to 60 minutes. This 
length of time together with the lag of solution movement in the 5-gallon 
culture jars would place the exposure periods of the plants well within periods 
of relatively weak and strong light. If this be true it is in agreement with the 
work reported by Hoagland and Davis (6) and by Hoagland, Hibbard, and 
Davis (7) on the absorption of ions as influenced by light. 


Chemical data 


Chemical analyses were made on the dried plant material from the five 
experiments. These data, expressed as percentages of water-free material, 
are presented in table 7. The actual amounts of the elements noted in the 


dry weights noted in table 6. 


It will be seen that a very great difference exists between the tops of the 
plants of the. two groups in experiment 1 with respect to the accumulation 
of certain elements. Accompanying the great depression in the percentage of 
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potassium found in the L group as compared to that in the 3 group of plants, 
there is an increase in the percentage of calcium, magnesium, and phosphate. 
It will be remembered (see table 6) that in the Z, cultures of experiment 1, the 
potassium concentration of the nutrient solution was 3.7 p.p.m. flowing at the 
rate of 1.2 cc. per minute per plant. In experiment 2 this rate was inriwKwl 
to 4.6 cc. per minute per plant. Here considerable increase in dry weight of 
the low potassium plants was noted. The percentage of potassium in the 
plants of the L group in experiment 2 was double that found in experiment 1. 
Although the percentage of potassium in the 3 group was also greater than 
in experiment 1, nevertheless the percentage increase was greater for the L 
group plants. 


TABLE 7 


Analyses of tomato plants grown inflowing solutions of low and high potassium concentrations, 
expressed as percentages of water-free material 




EXPERIMENT 

2 

EXPERIMENT 

3 

EXPERIMENT 

4 

EXPERIMENT 

5 

Portion of plant analyzed. 

Tops 

Tops 

Tops 

Tops 

Tops 

Group. 

L 

E 

L 

E 

L 

E 

L 

E 

L 

E 


1.94 

m 

3.99 


7.40 

9.02 

3.68 

3.77 

3.71 

5.90 

a.:. 

3.26 


4.15 

3.46 

3.77 

3.27 

3.77 

3.50 

3.46 

2.82 

Mg. 

0.72 

0.44 




lll^i 

0.92 

0.83 

0.80 

0.56 


3.94 

3.85 

3.98 

4.72 

6.18 

6.33 

5.23 

5.17 

4.41 

4.26 

K>4 . 

2.84 

1.78 

3.71 

3.11 

3.67 

3.21 

4.23 

4.21 

m 

2,35 

Portion of plant analyzed. 

Roots 

Roots 

Roots 

Roots 

Roots 

Group. 

L 

E 

L 

E 

L 

E 

19 

E 

L 

E 

K . 

1.12 

IV. 

3.47 

1.31 

3.05 

3.24 

6.17 

3.57 

6.66 

1.45 

3.47 

Ca. 

1.66 

1.88 

1.31 

1.39 

1.44 

1.47 

1.70 

1.45 

1.27 

1.31 

Mg. 

1.58 

wlm 

1.62 

0.54 

1.50 

gtjffo] 

1.39 

1.12 

1.72 

1.05 



5.23 

4.89 

4.61 

MOM 

4.79 

4.24 

4.62 

4.95 

4.91 

po,. 

5.14 

4.00 

4.98 

3.25 

7.16 

5.79 

6.18 

5.51 

5.56 

4.59 


Less difference is noted between the percentages of calcium, magnesium, 
and phosphate of the two groups (Z and E) in experiment 2 than in experiment 
1. These differences progressively decrease in the order of the first four ex¬ 
periments. The percentages of elements found in the plants of the L and H 
groups in experiment 4 are more nearly alike than in any of the other experi¬ 
ments. In this experiment the solution rate of flow was 8 cc. per minute 
per plant and the potassium concentration 4.9 p.p.m. for the L group of plants. 
Because of the similarity in chemical composition as well as the similarity in 
general growth appearances of the plants in the L and 3 groups of experi¬ 
ment 4 it may be concluded that optimum growth can be obtained at a mini¬ 
mum potassium concentration of 4.9 p.p.m. under the conditions of this experi- 
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ment. It is, of course, realized that there may be other measurements and 
analyses, which, had they been made, would show the two groups to be quite 
dissimilar, but with the criteria here used these groups appear identical within 
the limits of variability and experimental error. 

Root data similar to those for the tops of the plants are also given in table 7. 
In each of the five experiments the percentage of magnesium is higher in the 
L group of p lan ts. Phosphate is also higher in the roots of these plants. Not 
much difference in the percentage of nitrogen is apparent in the two groups. 
In this respect there is a similarity between the roots and tops. The roots, 
however, differ from the tops with respect to their calcium relations since in 


TABLE 8 

Analyses of tomato plants grown in flowing solutions of low and high potassium concentrations , 
expressed as mitti-equivalents per gram of plant 



EXPERIMENT 

1 

EXPERIMENT 

2 

EXPERIMENT 

3 

EXPERIMENT 

4 

EXPERIMENT 

5 

Portion of plant analyzed. 

Tops 

Tops 

Tops 

Tops 

Tops 

Group. 

L 

3 

L 

H 

L 

3 

L 

3 

L 

3 

K. 


1.47 

1.02 

2.32 

1.89 

2.31 


0.96 


1.51 

Ca. 

1.63 

1.12 

ESS 

1.73 

1.88 

1.63 

1.88 

1.75 

1.73 

1.41 

Mg. 

gifm 

0.36 

ESS 

0.56 

BF-r- 

0.69 

0.76 

mwm 

0.66 

0.46 

NO,.. 

2.81 

2.75 

2.84 

3.37 

4.41 

4.52 

3.73 

3.69 

3.15 

3.04 

H 2 P0 4 . 

EXE 

wm 

jtJEfl 

mW%\ 

EXE 

0.34 

EE 

■tJECl 

0.29 

0.25 

Sum of bases K, Ca, Mg. 

2.72 

2.95 

3.87 

4.61 

4.58 

4.63 

3.58 

3.39 

3.34 

3.38 

Portion of plant analyzed. 

Roots 

Roots 

Roots 

Roots 

Roots 

Group. 

L 

3 

L 

3 

L 

3 

L 

3 

L 

3 

K...... 

0.29 

HBJ 

m 

0.78 

0.83 

1.58 

m 

BE 

0.37 

0.89 

Ca. 



1*193 

gijfft 1 ] 

gtj \v\ 

EB9 

m 

Bra 

0.63 

0.65 

Mg. 


HEW 

1.33 

0.44 

1.23 

I 

1.14 

0.92 

1.41 

0.86 

NO,. 

3.43 

.V73 

3 4Q 

3.29 

3.63 

3 42 


3.30 

3.53 

3 50 

H 3 PO 4 . 

0.54 



0.34 

0.75 



0.58 

0.59 

0.48 

Sum of bases K, Ca, Mg. 

2.42 

2.59 

2.32 

1.91 

2.78 

2.80 


3.34 

2.41 

2.40 


both the L and H groups the percentages of calcium contained in the roots are 
very simi lar , but this is not true of the tops. 

In order to show to what extent the actual chemical units replace each other, 
the data given in table 7 have been calculated to milliequivalents per gram of 
dry plant material. These values are set forth in table 8. 

The milliequivalents of potassium in the plant tops of the L groups of experi¬ 
ments 1, 2, 3 and 5, are appreciably less than those of the corresponding 
H groups. On the other hand the milliequivalents of calcium and magnesi um 
are higher in the L groups. The sums of the milliequivalents of potassium, 
calci u m, and magnesium were determined for each group and the percentages 
of potassium based on these sums are as follows: 
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EXPERIMENT 

1 

EXPERIMENT 

2 

EXPERIMENT 

3 

EXPERIMENT 

4 

EXPERIMENT 

5 

L 

s 

L 

3 

L 

3 

L 

E 

L 

3 

Sum.. 

2.72 

18 


3.87 

26 

4.61 

50 

4.58 

41 

4.63 

50 

3.58 

26 

3.39 

28 

3.34 

28 

3.38 

45 

Per cent... 



It is rather remarkable that such a constant relationship (approximate value 
of SO per cent) exists between potassium and the other two elements in all of 
the E groups, except that of experiment 4. This relationship is especially 
interesting since the plants had been grown at different times of the year. 
Just why the plants in experiment 4 were an exception is not known. Both 
groups in this experiment had practically the same value. From these data 
it appears that the plants grown in potassium-deficient solutions tend to 
accumulate a greater amount of calcium and magnesium than when they are 
fully supplied with potassium. The replacement of calcium and magnesium 
in the plant tops by potassium is perhaps better seen when the increase of 
calcium and magnesium in the L groups over that found in the E groups is 
compared with the decrease of potassium in the L groups below that in the 
E groups. 



EXPERI¬ 
MENT 1 

EXPERI¬ 
MENT 2 

EXPERI¬ 
MENT 3 

EXPERI¬ 
MENT 4 

EXPERI¬ 

MENTS 

Ca and Mg increase. 


— 

37 

21 

52 

K decrease. 


Efl 

42 

2 

56 




It is also desirable to consider the data from the point of view of the total 
number of milliequivalents of bases (K, Ca, Mg) contained in the plants of the 
E and L groups (table 8). In both the roots and tops there is evident a marked 
tendency for a decrease in potassium to be compensated by a chemically 
equivalent amount of calcium and magnesium. Thus the relative proportions 
of the different bases are subject to more radical alteration than is the total 
base content of the plant. This may be important as bearing on the internal 
equilibrium between mono- and divalent cations. 

The total number of grams of potassium per plant (expressed separately 
for tops, roots, and total) is presented in table 9. These data are compared 
with the potassium concentrations of the solutions surrounding the plant roots. 
The volume of the plant containers was approximately 5 gallons each. The 
total maximum number of grams of potassium to which the roots were exposed 
at any one moment is given in the last line of the table. In reality the actual 
values were perhaps below these figures, especially when the plants were well 
grown. 

It will be noted that the number of grams of potassium found in the roots 
was never greater than that in the total volume of solution surrounding them. 
On the other hand the number of grains found in the tops was always greater 
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tlifl-n that found in the nutrient solutions, with two exceptions, the 3 groups 
in experiments 3 and 4. It is especially interesting to note there was more 
potassium in the tops of all the L groups than in the solutions surrounding their 
roots. While more total potassium was taken up by the E group plants than 
by the L group plants, the ratio of the amounts absorbed by the L groups to 
the concentration of their nutrient solutions was far greater than in the case 
of the 3 group plants. 

If it be assumed that nearly all of the potassium found in the roots and tops 
was present in the cell sap in dissolved state, then the concentration of potas¬ 
sium in the sap must have been from a hundred to a thousand times greater 
than in the culture solution which bathed the root system. The factor of 
concentration (concentration in sap divided by concentration in solution) 
would be far higher for the solution of low concentration than for the one of 
high concentration. The relations are consistent with experiments on other 
types of agricultural plants and on certain aquatic plants, such as Nitella. 


TABLE 9 

Total grams of potassium per plant compared with the possible maximum potassium concentration 
of the nutrient solutions surrounding the plant roots at any given time 



EXPERIMENT 1 

experiment 2 




Group. 

L 

E 

L 

E 

L 

E 

L 

E 

L 

E 

Tops. 


RS 

0.287 

0.981 

0.133 


0,324 

0.313 

0.456 

1.168 

Roots. 

0.039 

i 


USD 

BIB™ 

W r : 

0.050 

0.087 

0.026 

0.066 

Total.. 

Solution concentration 


■ 

0.301 

1.012 

0.136 


0.374 


0.482 

1.234 

p.p.m. K . 

Approximate gm. K in 

3.7 

35.1 

3.7 

35.1 

3.7 

35.1 

4.9 

35.1 

3.7 

35.1 

5 gallons. 






0.664 

0.093 

0.664 

0.070 

0.664 


The chemical data here presented indicate that a potassium concentration 
of approximately 5 p.p,m. in the nutrient solution flowing at the rate of 8 cc. 
per minute per plant was exactly at, or slightly below, the minimum required 
by the tomato plants in these experiments. A slightly greater concentration 
or a slightly greater rate of flow would, in all probability, merely result in a 
somewhat higher concentration of potassium in the root sap. So far as can 
be seen at present, such an increase would be of little or no benefit to the 
plants, at least for the stages of growth under observation. 

DISCUSSION 

The main purpose of the five experiments here reported was to approximate 
a m i n i mu m potassium concentration necessary for optimum growth of the 
tomato plant. The effect of volume or total supply of nutrients is a serious 
handicap in any study of this sort. Stiles (16) emphasizes this matter in his 
statement, “The extent to which concentration of the nutrient solution can 
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act as a limiting factor is difficult to examine, because from the moment the 
plant roots are put in the solution the concentration will be altering. It was 
in an attempt to minimize this difficulty that the writer changed the water 
culture solutions at frequent intervals. Even then the concentration of the 
nutrient solution will only remain very approximately constant when the 
rate of growth is slow.” Hoagland (4) voices a similar criticism in his dis¬ 
cussion of several salt nutrition studies in which sufficient distinction was not 
made between “supply of nutrients and concentration of nutrients.” A num¬ 
ber of investigators have made use of large volumes of solution while others 
have changed the plant nutrient solutions frequently in order to maintain a 
fairly constant concentration and to reduce reaction changes to a minimum. 
It is obvious, however, that the use of rapidly flowing solutions more nearly 
fulfills the requirements for studies of minimum salt level than any other 
method so far devised. In pointing out the importance of continuous renewal 
of nutrient solutions for plants, Trelease and Livingston (17) state, “If the 
rate is rapid enough, the discarded solution will not be significantly different 
from the inflow, and the roots may be said to have been in a known set of 
chemical surroundings throughout the culture period.” 

One further point should be mentioned in any critical review of experiments 
with flowing culture solutions. The determinations of concentration are 
made on samples representing the main body of the solution in which the root 
system is immersed. The concentration of any element in the films of solu¬ 
tion surrounding the absorbing root membranes is unknown. The degree 
to which a given concentration is maintained in these films may depend in part 
on the thoroughness with which the solution is kept mixed mechanically, by 
rapid flow of solution or by some other form of stirring. 

It is not necessary at this time to enter into a discussion of the interpretation 
of solution culture data in terms of soil problems, but it seems desirable to 
mention the point that it is possible that plants growing in soil or sand may 
develop a much greater total absorbing root surface than in a culture solution, 
thus providing to a greater or lesser extent a means of compensation for low 
soil solution concentrations. On the other hand, earlier comparisons of solu¬ 
tion and sand cultures each involving the same total amounts of nutrient, 
showed that barley plants accumulated greater percentages and amounts 
of mineral elements from the solution condition, notwithstanding the greater 
root development occurring in the sand cultures. Presumably these effects 
were explained by the ease of diffusion (or mixing by convection currents) 
in the solution cultures. However, the comparison of sand and solution 
cultures is not the same as that of soil and solution cultures, since the soil has a 
“supplying” power of its own. We have then, entering into the equation, in 
addition to concentration effects, relative areas of absorbing root surfaces, 
rates of diffusion or of mixing in culture solutions, and rates of solution of solid 
components in the soil. Unfortunately we have no means of evaluating 
certain of these factors, and therefore we cannot make any accurate com¬ 
parison between soil solutions and artificial culture solutions. 
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Both the growth data and the chemical analyses of the plants and solutions 
in the five experiments reported in this paper indicate the min i m u m low level 
of potassium concentration to be approximately 5 p.p.m. for the tomato 
plants grown under the c lima tic and other conditions of the experiments. This 
is in good agreement, as to general magnitude involved, with results reported 
by the Arkansas Experiment Station (1) in determining the m inim u m amount 
of potassium needed for plant growth. These results led to the conclusion 
that between 3 and 5 p.p.m. potassium seemed sufficient for best growth of the 
tomato. Parker and Pierre (12) in their work at Alabama with com and 
soybeans varied the potassium concentrations of their nutrient solutions from 
0.5 to 25 p.p.m. Although maximum growth of com was obtained in the 
solution of 10 p.p.m, and that of soybean in the solution of 25 p.p.m., never¬ 
theless the growth obtained in solutions of 2 p.p.m. potassium was practically 
as good. These authors believe that the results obtained show that both plants 
will make maximum growth at potassium concentrations of 2 p.p.m. or 
possibly less. In comparing results obtained by different investigators it is 
desirable to emphasize once more the necessity for keeping in mind climatic 
conditions, variety of plant, and significance of data on basis of plant vari¬ 
ability. It is not to be expected that exact and fixed values will ever be estab¬ 
lished but only that a better understanding will be obtained of the magnitudes 
involved. 

It is not the purpose of the present paper to outline the r61e of potassium 
in the physiology of the tomato plant, but the influence potassium plays in its 
effect on the absorption of other elements cannot be overlooked. It has been 
known that one ion frequently influences the absorption of other ions and 
that sodium may be substituted for potassium to a certain extent. Experi¬ 
ments with barley (5) at the California station, clearly suggest that sodium 
and potassium ions may exert a depressing effect on the absorption of calcium 
ions. The interrelations of potassium, calcium, and magnesium as indicated 
in these experiments are consistent with those found in experiments of various 
types made on different plants in California. These experiments include 
studies made on citrus and walnut seedlings by Haas and Reed (3). Ginsburg 
(2) working with soybean plants grown in culture solutions each lacking a 
definite element, found the average composition (expressed as percentage) 
of the plants deficient in potassium to be the following as compared with plants 
grown in a complete solution: 



| ask 

Ca 

Mg 

N 

Complete solution. 

mm 

1.34 

1.10 

3.22 

Potassium-deficient solution. 

■IB 

3.15 

1.15 

4.55 


Here an increase of calcium is noted in the potassium-deficient cultures. 
These observations are in general agreement with the tomato experiments 
in that the amounts of calcium absorbed decreased as the amounts of potas¬ 
sium increased, but no agreement was found regarding the magnesium and 
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nitrogen relations. With the tomato, little if any relation was manif est 
between the potassium and nitrogen content of the plants, the percentage of 
nitrogen remaining quite constant in all five experiments. No direct com¬ 
parison can be made, however, for in Ginsburg’s experiments potassium was 
completely lacking, and, furthermore, soybean plants were used. 

The spotting of tomato leaves was very characteristic of plants grown in 
potassium-deficient solutions. These spots were dark brown and appeared 
first in the older leaves. This condition occurred only where the potassium 
supply was extremely low. Similar symptoms of “potash hunger” have 
been observed in other plants such as the potato, cotton, buckwheat and bean. 
Regarding “potash hunger” symptoms, Sorauer (15) states, “At first near the 
leaf edges and then later scattered over the whole surface of the leaf, appear 
yellowish spots which rapidly turn brown or often change to white, while the 
petioles and veins together with the immediately adjacent tissues remain green. 
Finally the leaves dry up, beginning usually at the edges, with a dark brown 
color.” This describes very well the conditions occurring in the tomato 
plant when the potassium supply becomes greatly depleted. These condi¬ 
tions were more frequently observed in cultures of other experiments where 
the solutions were not changed. However, in this series of experiments, 
where the potassium concentration was low, and the rate of flow slow, the 
spotting appeared. This peculiar leaf reaction gives promise of being a reliable 
index of potassium deficiency of tomato plants grown in nutrient media. 

summary 

Concentration and volume are two distinct characteristics of a plant 
nutrient solution. In order to determine the minimum concentration of a 
given element that will produce optimum growth, the volume of the solution 
or total supply should be sufficiently large that it will not become the limiting 
factor. With a newly devised flowing solution apparatus, experiments were 
undertaken to determine the minimum potassium level requirement of the 
tomato plant. Under the given experimental conditions, which were kept 
within a range for good growth, it was found that optimum growth was main¬ 
tained at a potassium concentration of approximately 5 p.p.m. at the intake. 
The rate of flow for such a solution averaged 8 cc. per minute per plant. The 
plants were grown for a period of 45 days. In experiments where the initial 
potassium concentration of 3.7 p.p.m. was reduced to 0.7 p.p.m. or even to 
1.4 p.p.m., actual analysis of the plants showed a marked decrease in potas¬ 
sium absorbed and a tendency toward increased calcium, magnesium, and 
phosphate absorption as compared with check plants. A characteristic 
spotting of leaves indicating “potash hunger” is very marked in tomato 
plants grown in solutions in which the potassium concentration is maintained 
below a certain level. Attention is called to certain interesting relations 
between potassium concentrations and light values, as suggested by one of 
the experiments. 
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PLATE 1 

Fig. 1. Apparatus for controlling the flow of nutrient solutions. 

Fig. 2. Tomato plants of the unshaded high and low potassium groups of experiment 1, 
together with the cheese doth shelter containing the shaded groups of plants. v 
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PLATE 2 

Fig. 1 . Spotting of tomato leaf (left) resulting from potassium deficiency, compared with 
normal leaf (right). 

Fig. 2. Representative plants of low (3.7 p.p.m.) and high (35.1 p.p.m.) potassium cultures 
of experiment 5. 
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In an endeavor to measure the force exerted by soils in absorbing or imbib ing 
water, Joffe and McLean (2, 3) used a porous burned clay cup (Pasteur clay 
filter or filter balloon) filled with water and connected to a mercury manometer. 
The soil was packed around the porous cup, and as the water was absorbed by 
the soil, the mercury was lifted until its weight balanced the “suction” force 
that was developed. The method has been suggested as a means of indirectly 
measuring the colloidal content of the soils. Hardy (1) has criticized the 
method on the grounds that it does not take into account the variation in 
water conductivity of the soils. 

In experiments similar to those of Joffe and McLean, we have been unable 
to get results that show any significant differences between soils of markedly 
different soil texture. The final results, as measured by the height of the 
column of mercury, are approximately the same for all the soils tested. 

The porous “cups” used were Pasteur-Chamberlain fitter thimbles, porous 
irrigation tubes, and thistle top atmometers. In some experiments the tubes 
or cups were packed in soil and attached to the usual type of U-shaped mercury 
manometer; in others, they were placed in percolation cylinders, the connecting 
glass tubing extending vertically downward into the mercury reservoir; while 
in some experiments the thistle top atmometers were fitted with collars and 
the soil was packed upon their upper surface, with a straight tube to the 
mercury reservoir (fig. 1). Table 1 shows the results from a typical experi¬ 
ment by the latter method. The soils used were Tujunga sand with a total 
day content of 2.57 per cent, of which 0.83 per cent was colloidal clay (less 
than 2 n effective diameter); Hanford fine sandy loam with 8.35 per cent total 
day and 4.59 per cent colloidal clay; and Vina clay loam with 24.73 per cent 
total clay and 16.35 per cent colloidal clay. In this particular experiment, 
the atmometers had been soaked and boiled in distilled water to drive out 
induded air and were covered with a uniform depth of 2 inches of soil packed 
on the absorption surface. Table 1 and curve 4 on the graph (fig. 2) show 
that the rate and height of rise of the mercury was relatively uniform for each 
soil, notwithstanding their great differences in texture. 

Parallel tests were carried out, a similar atmometer cup, without any soil, 
being used. The results are shown in table 2 and as curves 1,2, and 3 on the 
graph (fig. 2). In this case the rate of rise was much faster and the total 

ill 




Fig. 1. Methods or Setting Up the Experiments 

A —tube packed in soil with usual type mercury manometer. B —tube packed in soil in 
a percolator, with straight vertical glass tube extending into mercury reservoir. C—tube 
(atmometer) with soil packed on its surface, and with straight glass tube to mercury reservoir. 



TIME-ln hours 


Fig. 2. Rate and Height op Rise op Mercury Lifted by Atmometer Cups Fuxe 

with Water 

Curves 1,2,3 are successive tests with surface of cup exposed to evaporation. Curve 4 is 
drawn through points on three tests using Tujunga sand, Hanford sandy loam, and Vina 
day loam. 
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TABLE 1 


Height to which mercury was lifted by porous atmometer cups filled with water and covered 

with two inches of soil 


TIME ELAPSED 

HEIGHT OF MERCURY 

Tujunga sand 

Hanford sandy loam 

Vina day loam 

hours 

cm. 

cm. 

cm. 

0.50 

9.00 

10.00 

11.00 

0.83 

13.75 

12.25 

13.75 

2.25 

22.25 

20.00 

21.75 

2.50 

24.00 

21.30 

23.30 

18.90 

50.60 

49.20 

50.80 

20.95 

53.40 

51.50 

53.00 

22.00 

54.30 

52.50 

53.90 

23.50 

55.30 

53.70 

55.00 

46.50 

60.10 

61.30 

61.90 

47.50 

60.30 

61.40 

62.20 

48.75 

60.70 

61.90 

62.60 

65.00 

62.30 

64.00 

64.00 

67.00 

62.60 

64.20 

64.30 

70.00 

62.80 

64.30 

64.50 

71.00 

62.90 

64.50 

64.60 

87.50 

64.60 

66.10 

66.10 

93.00 

64.60 

66.10 

65.90 

95.00 

64.60 

66.10 

65.90 

102.00 

66.00 

67.20 

67.10 

103.50 

66.00 

67.50 

67.15 

110.50 

66.00 

67.60 

67.15 

127.00 

66.60 

68.10 

67.80 

154.00 

66.50 

67.80 

67.50 

165.50 

67.00 

68.40 

68.00 

178.50 

67.00 

68.30 

67.80 

181.00 

67.00 

68.30 

67.80 

202.50 

67.25 

68.60 

68.10 

222.00 

67.80 

69.20 

68.60 

226.75 

67.60 

69.10 

. 68.40 

231.00 

67.70 

69.20 

68.50 

246.00 

68.00 

69.30 

68.60 

249.00 

67.75 

69.20 

68.60 

269.75 

67.90 

69.40 

68.80 

293.50 

67.70 

Dropped 

Dropped 

298.75 

67.60 



302.00 

67.50 



334.00 

67.30 



342.00 

67.20 



356.00 

Dropped 




height somewhat greater than that obtained when the atmometer cups were 
packed with soil! The lifting force, or “suction” evidently rests in the porous 
burned clay disc that forms the surface of the atmometer, and not in the soil. 
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This agrees with the statements of Livingston (4) and others that the “suction” 
force developed by a clay cup may exceed one atmosphere. 

It is our belief that the experiment does not measure the “suction” force of 
the soil, but that it may to a degree measure the ability of the soil to transport 
moisture away from the absorption surface. In the experiment shown in 
table 1 the moisture evaporated from the soil nearly as fast as the atmometer 
cup could deliver it, and continued until the weight of the mercury caused air 

TABLE 2 

Height to which mercury was lifted by porous atmometer caps filled with water and exposed to 

evaporation in laboratory 

Columns 1, 2, and 3 show results from’three successive tests, the atmometer cups being 
boiled in distilled water between tests. 


TIME ELAPSED 

HEIGHT OP MERCURY 

1 

2 

3 

hours 

mm. 

mm. 

mm. 

0.50 

21.5 

.... 

.... 

0.83 

21.5 

.... 

• • • • 

2.25 

48.5 

.... 

• • • • 

2.50 

51.5 

..,. 

.... 

4.00 

.... 

.... 

42.1 

11.00 

• •. • 

66.0 

m m 9 m 

12.25 

.... 

66.0 

.... 

18.90 

69.7 

.... 

• • • ♦ 

19.00 

.... 

.... 

68.9 

19.50 

.... 

67.1 


20.95 

70.2 

• • • • 

.... 

22.00 

70.3 

• • • • 

69.0 

23.50 

70.3 

• • • • 

.... 

36.00 

. • « • 

69.1 

.... 

39.00 

.... 

Dropped 


43.00 

.... 

.... 

71.0 

46.50 

71.3 

.... 


47.50 * 

71.3 



48.75 

71.4 



65.00 

Dropped 

.... 


66.75 

.... 

.... 

Dropped 


to be sucked into the interior cavity of the atmometer. The air moved in 
slowly (as shown by the lowering of the mercury columns of the sand tube) 
at first, but as the air bubble enlarged, the mercury receded at an accelerating 
rate until it finally dropped. 


CONCLUSIONS 

The "suction” force of soils, and indirectly the colloid content, can not be 
measured by the use of porous burned day or porcelain cups, bulbs, or tubes, 
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because these porous materials themselves have a high water lifting or “suc¬ 
tion” force. The soil may serve to remove the moisture from the surface of 
the material and thus make possible a continuation of the process until the 
weight of the mercury lifted overcomes the tensile strength of the water col umn 
or the forces which hold the water in the pores of the “cup” material. The 
soil, however, would not carry any of the weight, nor supply any of the “suc¬ 
tion” force. It would function essentially the same as though it were lifting 
water from a free water surface and would develop a water content essentially 
the same as that of the capillary rise. 
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SOME EFFECTS OF CRUDE PETROLEUM ON NITRATE PRODUC¬ 
TION, SEED GERMINATION, AND GROWTH 1 

H F. MURPHY 5 

Oklahoma Agricultural and Mechanical College 
Received for publication October 6,1928 

The effect of crude petroleum on soils is of practical importance only in the 
oil field districts and along pipe lines where breaks may occur and allow the 
crude petroleum to overflow the nearby land. The question of damages 
under such conditions is continually occurring. Also, after the oil industry 
in a particular section has given out, the question of bringing the land back 
to the production of field crops makes the effect of crude petroleum on land 
an important problem in such cases. 

Literature on the effect crude petroleum may have on the soil and further 
crop production is meager. Several investigators have shown that certain 
soil organisms have the power to utilize hydrocarbons as sources of energy 
yet few of these workers have used crude petroleum as the source of hydro¬ 
carbons under consideration. 

Rahn (4) in 1906 reported a mold found in soils that was capable of breaking 
down paraffin and utilizing it as a source of food. Sohngen (5) in 1913 reported 
several organisms that could readily utilize hydrocarbons as sources of energy. 
By using a special medium, he found that 4 to 8 mgm. of petroleum were 
oxidized in 24 hours at 28°C. for every square centimeter of surface of solution, 
Gainey (3) reported that paraffin was detrimental to ammonification and nitri¬ 
fication. Tausz and Peter (6) reported in 1919 some isolated soil organisms 
capable of decomposing hydrocarbons. They isolated the three organisms 
Bad. alipkaticum, Bad . aliph. liquefaciens , and paraffinbacterium which were 
capable of decomposing hydrocarbons. Carr (2) found that the growth of 
soybeans was apparently improved when a small amount of oil (up to 0.75 
per cent) was added to soil and that a rather large amount (4 per cent) could 
be added before the soybean plants succumbed to the treatment. Baldwin 
(1), in studying the modification of soil flora induced by applying crude 
petroleum, found that the soil flora was considerably changed. Ammonia 
production was slightly lowered and nitrate production was completely in¬ 
hibited over varying periods of time. Small applications of crude petroleum, 
however, did not seem to injure the crop producing power of the soil. 

1 Contribution from the Department of Field Crops and Soils. 

5 Associate Professor of Field Crops and Soils. 
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EXPERIMENTAL WORK 

The experimental work carried on by the writer was divided into two parts: 
part 1 co nsis ted of studying the effect of crude petroleum on nitrification, 
whereas Part 2 had to do with the effect of petroleum on seed germination and 
plant growth. The soil used in both parts is what was classified by the U. S. 
Department of Agriculture, Bureau of Soils, as “Yahola very fine sandy loam.” 
This is a common bottomland soil found along the streams in the Red Prairie 
division of the Great Plains region. It is considered a very productive soil in 
the section where it is found. 


TABLE 1 

Nitrate content of soils incubated with various amounts of crude petroleum applied in 


AMOUNT OP 

crude petroleum; 

APPLIED 

TREATMENT 

OCTOBER 

NOVEMBER 

JANUARY 

IEBRUARY 

percent 

0 

None 

p.p.m. 

132 

p.p.m. 

83 

p.p.m. 

45 

P.p.m. 

56 

0.0843 

Surface 

^ * 

70 

46 

41 

0.0843 

Mixed 

• • • • 

55 

53 

37 

0.2107 

Surface 

.... 

39 

44 

32 

0.2107 

Mixed 

.... 

.... 

.... 

17 

0.4215 

Surface 

66 

34 

29 

28 

0.4215 

Mixed 

49 

8 

15 

11 

0.6322 

Surface 

• « • • 

25 

42 

15 

0.6322 

Mixed 

• • • • 

.... 

.... 

8 

1.0959 

Surface 

63 

4 

28 

9 

1.0959 

Mixed 

10 

ot 

5 

6 

2.1918 

Surface 

16 

ot 

10 

4 

2.1918 

Mixed 

3 

0 

0 

5 

6.5754 

Surface 

Tracef 

0 

0 

.... 

6.5754 

Mixed 

Trace 

Trace 

0 

.... 


* A blank indicates no sample was run for that period, 
t None in one of the duplicates. 
t O^e of the duplicates showed a very slight trace. 


Part 1 

In the nitrification study, 100-gm. samples of soil were placed in glass 
tumblers and a definite amount of crude petroleum that had a specific gravity 
of 0.8430 was added. The crude petroleum was used in one of two ways; either 
it was applied to the surface or it was thoroughly mixed with the soil. The 
samples were kept at optimum moisture conditions and incubated under 
greenhouse conditions for one month. At the end of the month, the nitrates 
were determined by the phenoldisulfonic acid method. Very good checks were 
secured. The results of these nitrification tests are given in table 1. The 
tests covered a period of four months, new sets being incubated each month. 

The results indicate that even a very small application has a tendency to 
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reduce nitrate formation. There was very little difference between mixing 
the crude petroleum with the soil and applying it very lightly on the surface, 
but as the rate of application increased, mixing the crude petroleum with the 
soil decreased nitrate production more than did surface application. The 
application of approximately 0.4 per cent of crude petroleum to the surface 
cut down the nitrates about one-half, whereas approximately 1 per cent of 
crude petroleum mixed with the soil practically checked nitrate formation. 
Even smaller amounts of crude petroleum when mixed with the soil had a 
very depressing effect on nitrate production. The application of crude 
petroleum amounting to approximately 0.4 per cent when mixed with the soil 
very materially checked the formation of nitrates. 

TABLE 2 

Effect of crude petroleum on the germination and growth of wheat 


NUMBER 07 PLANTS PER PLOT 


TREATMENT (ACRE BASIS) 

Septem¬ 
ber 24 

Septem¬ 
ber 27 

Septem¬ 
ber 29 

Octo¬ 

bers 

Octo¬ 
ber 17 

No treatment. 

4 

8 

22 

22 

22 

15,000 gallons applied to surface. 

None 

None 

None 

None 

None 

5,000 gallons applied to surface. 

None 

None 

2 

5 

5 

2,500 gallons applied to surface. 

None 

None 

2 

14 

25 

500 gallons applied to surface. 

None 

1 

22 

25 

25 

15,000 gallons applied at 4-inch depth. 

None 

None 

None 

None 

None 

5,000 gallons applied at 4-inch depth. 

None 

1 

2 

19 

22 

2,500 gallons applied at 4-inch depth.. 

None 

1 

20 

25 

25 

15,000 gallons mixed with surface 4 inches. 

None 

None 

None 

None 

None 

5,000 gallons mixed with surface 4 inches. 

None 

None 

None 

None 

None 

2,500 gallons mixed with surface 4 inches. 

None 

None 

None 

1 

1 

500 gallons mixed with surface 4 inches. 

None 

2 

7 

16 ’ 

16 





Part 2 

The effect which crude petroleum has on the germination of the wheat seed 
and on the growth of wheat was studied on 8| pounds of soil placed in one- 
gallon tin containers. These soil samples were treated with various amounts 
of crude petroleum added in different ways. The cans were buried in the 
ground so that the surface of the soil in the container was even with the surface 
of the soil on the outside. The bottom of each container was supplied with 
drainage holes. Moisture for the germination of the seeds and for the develop¬ 
ment of the seedlings was supplied by the rainfall during the fall season of 
1927. The crude petroleum was added in the following ways to various 
samples as noted in table 2: ( a ) poured on the surface, (b) four inches of soil 
was removed from the container, the petroleum poured over the surface of the 
remaining soil in the container, and the top soil put back in place, and (c) 
the crude petroleum was mixed with the surface four inches of soil. Twenty- 
five kernels of Turkey Red wheat were planted about one and one-half inches 
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deep in each container on September 9. The first rain after the wheat was 
planted occurred on September 23, when 1.34 inches fell. Table 2 gives the 
result of the germination and growth experiment. 

Crude petroleum, even in small amounts, generally delayed germination. 
The con ta iners in which the seed did not germinate were examined on October 
19, and it was found that all of the wheat kernels had rotted. Mixing the 
crude petroleum with the surface was noticeably detrimental to seed germina¬ 
tion. Five hundred gallons of crude petroleum mixed with the surface 4 
inches of soil reduced die stand 36 per cent compared with the check average 
on October 17. Twenty-five hundred gallons of crude petroleum applied to 
the surface gave only approximately 23 per cent of a total stand compared with 
the check average on October 17. A similar amount of crude petroleum 
applied 4 inches below the surface did not reduce the final stand on October 17. 
Mixing any of the larger applications of crude petroleum with the surface soil 
prevented germination of the seed. Five hundred gallons applied to the 
surface did not prevent germination but did delay it just slightly, as can be 
noted under the column dated September 27. 
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DETERMINATION OF THE FINENESS OF MARL 1 

E. P. DEATRICK and CLARENCE DORMAN* 

West Virginia Agricultural Experiment Station 
Received for publication October 19,1928 

The accuracy of the standard method of determining the fineness of marl 
has been questioned alike by some marl producers and control chemists. Data 
are herewith presented to show that determinations made according to the 
standard method—that of calculating the percentages of material of certain 
finenesses from the weights of the thoroughly dried material held on the 
screens after thorough shaking—is inaccurate. 

It is not reasonable to expect that dry screening would yield accurate results, 
for the large pieces of marl are not solid, but are balls or granules of finer 
particles which to a great extent have been formed during the commercial 
drying process. Apparently recognizing this, different laboratories seem to 
vary the details of the method of screening. 

In one laboratory the marl is gently rubbed through the screens with a 
rubber pestle. In another the marl is constantly agitated with a spoon handle 
or similar instrument, but no attempt is made to “force the particles through 
the mesh or break them down in any way.” 

It is exceedingly difficult to agitate so that only aggregates are broken up 
and so that particles are not actually forced through the mesh. Inasmuch 
as marl closely resembles soil, it would seem natural that the use of the principle 
employed in determining the fineness of soil would yield more accurate results. 
Here the sample is deflocculated before screening is attempted. 

By screening the marl after it is deflocculated, it has been found, as shown 
in table 1, that the material is really very much finer than the dry 
screening test would indicate. The amount of material passing a 0.1-mm. 
screen is in some cases 70 per cent greater after deflocculation. The defloccula¬ 
tion is conveniently accomplished by placing the dry marl (in this case 10 gm.) 
in a motor drink mixer as modified by Bonyoucos 8 and allowing it to run for 9 
minutes (the time required to deflocculate completely most soils) after 500 cc. 
of water and 5 cc. of 0.1 N KOH have been added. After the samples were 

1 Approved as scientific paper no. 64 by the director. Read before the Fertilizer Section of 
the American Chemical Society, September, 1928. 

* Associate Professor, Agronomy (Soils) and Graduate Student Assistant, W. Va. Agri¬ 
cultural Experiment Station, Morgantown. 

8 Bonyoucos, G. J. 1927 Directions for determining the colloidal material of soils by the 
hydrameter method. Science 66(1696): 16. 
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deflocculated, the suspensions were poured through a battery of soil sieves of 
1-, 0.5-, 0.25-, and 0.1-mm. mesh. These were used instead of the customary 
20-, 40-, 60-, 80-, and 100-inch mesh sieves because those in our laboratory are 
too large to put on the pan of the analytical balance. It was found later that 
the deflocculated marl should be poured on a battery of the 1-, 0.0S-, and 
0.25-mm. sieves first. The collected water with the material finer than 0.25 
mm. should then be poured separately on the 0.1-mm. screen with constant 
agitation with a rubber policeman so as to prevent clogging of the fine meshes. 
In this way the determination can be carried out easily and accurately. 

TABLE 1 

Mechanical analysis of marl 


SIZE or MATERIALS IN MILLIMETERS, DETER MIN ED BY 


NAME 07 MARL 

Dry screening 

Wet screening 

1 

0.5 

0.25 

0.1 

>0.1 

i 

0.5 

0.25 

0.1 

>0.1 


Per 

per 

Per 

per 

per 

per 

per 

per 

per 

per 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Lime marl. 

10.0 

17.5 

13.7 

46.7 

12.1 


0.7 

2.9 

12.3 

83.8 

Precipitated lime. 

0.0 

7.6 

18.2 

63.3 

11.0 

0.0 

4.2 

12.5 

25.8 

57.5 

Alba marl. 

32.5 

22.3 

16.9 

21.5 

6.8 

0.5 

1.0 

4.6 

9.9 

84.0 


TABLE 2 

Mechanical analysis of ground limestone 


SIZE Or MATERIALS IN MILLIMETERS DETERMINED BY 


NAME 07 LIMESTONE 

Dry screening 

Wet screening 


1 

0.5 

0.25 


>0.1 

1 

0.5 

0.25 

0.1 

>0.1 


per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

per 

cent 


per 

cent 

per 

cent 


Standard limestone. 


8.5 

20.0 

42.6 

28.3 


5.5 

15.6 





For those specially interested in this work, it may be stated that screening 
of 20-, 40-, 60-, 80-, and 100-inch mesh can easily be secured and inserted in 
sieve holders such as were used here (no. 12110 from Central Scientific 
Company). 

It will be noticed that, as shown in table 2, dry screening of ground 
limestone does not completely separate out the material of finest size, 
though, as expected, the difference between the two methods of screening 
is not so great as in the case of marl. 








































EFFECT OF CROP GROWTH ON THE REPLACEABLE BASES IN 
SOME CALIFORNIAN SOILS 


J. C. MARTIN 
University of California 1 
Received for publication October 29, 1928 

In 1915 there was inaugurated at this laboratory an investigation of a group 
of thirteen Californian soils from representative agricultural areas in the state, 
A comprehensive description of these soils as to classification, previous history 
as far as known, mechanical analyses, hygroscopic coefficients, and specific 
heats is given by Stewart (10) in a paper presenting the results of the studies 
of this group of soils during the first two years of the investigations. A more 
recent paper by Burd and Martin (1) describes the cultural conditions under 
which these soils have been maintained up to 1924 and reports certain obser¬ 
vations on the liquid phases of the various soils, the pH of which range from 
6.9 to 8.2. 

Since the last mentioned observations were made, three additional crops of 
barley have been produced by the continuously cropped soils. The soils, 
which were uncropped from 1916 to 1925 inclusive, were cropped to barley in 
1926, and are now under barley crops annually. The present study was under¬ 
taken to observe, if possible, changes which may have taken place in the re¬ 
placeable bases of these soils. They have been maintained under very carefully 
controlled conditions in that nothing but distilled water has been added, nor 
has any leaching taken place during the entire period the soils have been under 
observation. 

Concerning the effects of different treatments on the replaceable bases in 
soils, Rage and Williams (6) at Rothamsted have observed those due to long 
continued annual fertilization of field plots. Smith (8) has noted in some 
Scottish soils the fairly permanent content of exchangeable bases for a given 
soil under normal conditions and also the variation from soil to soil. Steen- 
kamp (9) has reported changes in the replaceable bases under the process of 
dehydration of soils. Of more direct bearing on the observations to be reported 
in this paper are those recently presented by Fraps (2). Using the ammonium 
chloride method in 88 tests of soils in pot experiments, he reports that the 
replaceable potash lost from the soil in supporting two crops is related to that 
contained in the crops with a correlation coefficient of 0.796. 

Briefly, the treatments of these Californian soils since assembling at Berke- 

1 Laboratory of Plant Nutrition. 
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ley in 1915, are as follows: two duplicate galvanized iron containers (coated 
with black asphalt paint) were filled with each soil (1800 pounds); the first 
year all soils were cropped to Beldi barley; one container of each soil has been 
cultivated and cropped to barley annually up to the present time and in this 
paper is called the “cropped soil; ,? the other container of each soil was un¬ 
cropped but cultivated annually and kept moist from 1916 to 1920, and from 
then till 1926 given no cultivation nor water; in 1926 the previously uncropped 
soils were again moistened and cropped to barley after which these observa¬ 
tions were made. The soils which were uncropped for ten years but had sup¬ 
ported a barley crop in 1915 and again in 1926 are called the “fallowed soils” 
in this paper. It is clearly recognized that the effect of fallowing alone is not 
measured in these observations. The term is used only for the sake of brevity 
in distinguishing them from the continuously cropped soils. 

It is not the purpose of this paper to attempt to discuss the mechanism of 
base exchange, since there are numerous instances in the literature bearing on 
this phenomenon. It will be limited to a brief discussion of a set of observa¬ 
tions made on this group of soils which have been under investigation for 13 
years by our laboratory. 

METHOD OF SAMPLING AND PREPARATION FOR REPLACEMENT 

A portion of each soil was air-dried and screened through a 1-mm. screen 
in 1915 at the time the soils were assembled for experimentation. These 
portions have been stored in large stoppered bottles and in these observations 
are used as representative of the subsequently cropped and fallowed soils at 
the beginning of the experiment. The sampling of the cropped and fallowed 
soils was accomplished by taking ten uniformly spaced cores of soil from each 
soil, extending the entire depth of the container (18 inches). Each sample 
core was 1 inch in diameter. The ten cores of each soil were then composited, 
air-dried, and pulverized to pass the 1 mm. screen. The samples thus pre¬ 
pared were then used for the determination of replaceable bases. 

METHOD OF REPLACEMENT 

The replacing reagent used was ammonium acetate adjusted to a pH of 7.0 
and approximately normal, as suggested recently by Schollenberger (7). 
Twenty-five-gram portions of soil were each treated with about 150 cc. of the 
reagent in Erlenmeyer flasks, and allowed to digest at about 70°C. for an hour 
or two then transferred to a Buchner filter and the soil leached with reagent 
until the teachings showed no test for calcium. This usually required between 
400 and 500 cc. of the reagent. The teachings were then made up to a volume 
of 500 cc. and determinations of the four major bases made in the usual way 
after removal of excess ammonium acetate, which is accomplished on the steam 
bath and finally on an air bath with moderate heating. 

The results have not been corrected for water-soluble bases which these 
soils contain, as they are not significant in the magnitudes of the bases re- 
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ported. In a few cases, determinations have been made of the ammonium ab¬ 
sorbed. In the heavy soils this value is about 80 per cent of the total deter¬ 
mined bases extracted but in the light soils the agreement on the whole is not 
so close; in the case of soil 8 it is 55 per cent whereas in soil 12 it is 80 per cent 
of the bases extracted. Each value reported for the individual bases is the 
result of a single determination. The data are presented in table 1. 

CLASSIFICATION AND TREATMENT OF SOILS 

The first and second columns of the table describe the soil classification and 
give the laboratory numbers of the soils. It will be observed that there 
are five silty clay loam soils and one clay loam of the same series. The first 
three of these soils come from the Sacramento valley near Davis and the second 
three from the Santa Clara valley. It will also be observed that each fine 
sandy loam soil of this group is from a different series. Soil 7 came from near 
Arlington; soil 8 from the San Joaquin valley near Fresno; soil 9 from near 
Redlands; soil 10 from the San Fernando valley; soil 11 from Kearney Park 
in the San Joaquin valley; soil 12 from near Oakdale in the San Joaquin 
valley foothills; and soil 14, a virgin desert soil from eastern Lassen county. 
All of these soils are low in their CaCOs content, soils 2 and 9 being free from 
this compound while soils 4 and 5 contain the most, 0.20 and 0.18 per cent, 
respectively. 

The third column shows the cultural treatment of the soils, and here it 
should be noted that the so-called fallow soils were cropped to barley in 1915 
and again in 1926 at the end of which season these observations were made. 
During the intervening period of ten years these soils produced no crops. 

REPLACEABLE BASES IN THE ORIGINAL SOILS 

First, if we may confine our attention to the original soils, it will be observed 
that the amounts of replaceable bases are quite variable, ranging from 38.5 in 
soil 6 to as low as 6.8 milligram-equivalents in soil 8. As a group the heavy 
soils contain about twice the amounts present in the light soils. The clay and 
silty clay loam soils will be called “heavy” while the fine sandy loam soils will 
be called “light” for the sake of brevity. The spread of values in the former 
group (24.3 to 38.5 milligram-equivalents) although as great in actual amount 
as that of the latter group (6.8 to 20.0 milligram-equivalents) is relatively of 
smaller magnitude, as might be expected from the more variable nature and 
origin of the sandy loam soils. It will also be observed that there is more 
variability in the relative proportions of the four bases in the replaceable frac¬ 
tions of the light soils than is the case in the heavy soils. In the silty clay and 
clay loam group, the calcium and magnesium together comprise 94 to 96 
per cent while the potassium and sodium are 4 to 6 per cent of the total. In 
the sandy loam group the calcium and magnesium together range from 83.7 
to 92.2 per cent, potassium and sodium making up the remainder, 7.8 to 16.3 
per cent of the total. It may be of interest to note that in soil 1 the magnesium 
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TABLE 1 

Replaceable bases in original , cropped , and fallowed* soils 


DESCRIPTION OP SOILS 

PER CENT OP WATER-TREE 
SOIL 

MTLLIGRAM- 
EQTJTVA- 
LENTS PER 
100 GU. OP 

WATER- 
FREE SOIL 

RELATIVE PROPORTION 
OP BASES 

(PER CENT OP TOTAL) 

Ca 

Mg 

Na 

K 

Total 

bases 

NH* ab¬ 
sorbed 

Ca 

Mg 

Na 

K 

' 

1 

Original 

0.286 

0.192 

0.007 

0.038 

31.4 

24.9 

45.6 

50.3 

1.0 

3.1 



Cropped 

0.287 

0.195 

0.007 

0.025 

31.2 

24.4 

^5.8 

51.2 

1.0 

2.0 



Fallowed 

0.282 

0.194 

0.012 

0.033 

31.5 

24.6 

44.7 

51.0 

1.6 

2.7 


2 

Original 

0.322 



0.053 

26.0 


61.6 

31.9 

1.3 

5.2 



Cropped 

0.322 

0.090 

0.007 

0.041 

24.9 

20.1 

64.6 


1.2 

4.2 



Fallowed 

0.317 

0.087 

0.008 

0.048 

24.5 

19.3 

64.5 

29.1 

1.4 

5.0 

Yolo silty day 

3 

Original 

0.412 

0.097 

0.008 

0.059 

30.4 


67.8 

26.1 

1.1 


loam 4 


Cropped 

0.412 

0.087 

0.008 

0.045 

29.1 


70.3 

24.6 

1.2 

3.9 



Fallowed 

0.415 

0.090 

0.007 

0.050 

29.7 


69.7 

25.0 


4.3 


4 

Original 

0.345 

0.074 

0.006 

0.031 

24.3 


70.8 


1.0 

3.2 



Cropped 

0.345 

0.074 

0.004 

0.022 

24.0 


71.7 

25.3 

0.7 

2.3 



Fallowed 

0.338 

0.072 

0.006 

0.028 

23.8 



24.9 

1.1 

3.0 


5 

Original 

0.373 

0.068 

0.016 

0.034 

25.7 


72.3 

21.6 

2.7 

3.4 



Cropped 

0.383 

0.061 

0.009 

0.022 

25.1 


76.1 

20.1 

1.6 

2.2 



Fallowed 

0.376 

0.067 

0.011 

0.031 

25.6 


73.4 

21.6 

1.9 

3,1 

Yolo day loam 

6 

Original 

0.453 

0.171 

0.023 

0.032 

38.5 


58.7 

36.5 

2.7 

2.1 



Cropped 

0.453 

0.157 

0.026 

0.021 

37.2 


60.7 

34.7 

3.1 

1.5 



Fallowed 

0.464 

0.173 

0.036 

0.025 

39.6 


58.6 

35.8 

4.0 

1.6 

Mean of clay 


Original 

0.365 

0.117 

0.011 

0.041 

29.4 


62.0 

32.8 

1.6 

3.6 

and silty clay 


Cropped 

0.367 

0.111 

0.010 

0.029 

28.7 


KM 

31.9 

1.4 

2.7 

loams 


Fallowed 

0.365 

0.114 

0.012 

0.036 

29.1 


62.7 

m 

1.8 

3.3 

Hanford fine 

7 

Original 

0.191 

0.031 

0.011 

0.022 

13.1 

9.0 

72.7 

EE 

3.7 

4.3 

sandy loam 


Cropped 

0.194 

0.032 

0.013 

0.016 

13.3 

8.8 

72.8 

19.8 

4.3 

3.1 



Fallowed 

0.195 

0.028 

0.012 

0.021 

13.1 

8.7 

74.3 

17.8 

3.9 

4.0 

Fresno fine 

8 

Original 


0.017 

0.009 

0.021 

6.8 

3.5 

SB 

20.4 

5.6 

8.0 

sandy loam 


Cropped 

0.093 

0.018 


0.007 

6.6 

3.7 

70.3 

22.2 

5.0 

2.5 



Fallowed 


0.017 

0.009 

0.012 

6.9 

3.6 

69.7 

20.1 

5.6 

4.6 

Kimball fine 

9 

Original 

0.118 

0.021 

0.007 

0.014 

8.2 


71.6 

20.6 

3.5 

4.3 

sandy loam 


Cropped 

0.129 

0.020 

0.007 


8.6 


74.5 

19.2 

3.3 

3.0 



Fallowed 

0.132 

0.019 

0.006 

0.013 

8.7 


75.9 

17.5 

2.9 

3.7 

Tejimga fine 

> 10 

Original 

0.246 

0.035 

0.011 

0.047 

16.8 


73.2 

MB 

2.7 

7.1 

sandy loam 


Cropped 

0.229 

0.034 

0.009 

0.034 

15.5 


73.6 

18.3 

2.5 

5.6 



Fallowed 

0,238 

0.034 

l^lg 

0.042 

16.2 


73.5 

17.3 

2.7 

6.5 


* Soils cropped in 1915, fallowed from 1916-1925 inclusive, and cropped in 1926. 
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TABLE 1— Continued 


DESCRIPTION OP SOILS 

PER CENT OP WATER-FREE 

son. 

MILLIGRAM- 
EQUIVA¬ 
LENTS PER 
100 GM. OP 
WATER- 
FREE SOIL 

RELATIVE PROPORTION 
OP BASES 

(PER CENT OF TOTAL) 

Ca 

Mg 

Na 

K 

I 1 

NIL ab¬ 
sorbed 

Ca 


Na 

X 

Madera fine 

11 

Original 

0.182 


0.010 


m 

10.7 

61.8 

27.4 

3.0 

7.8 

sandy loam 


Cropped 

0.187 

0.046 

0.008 

0.029 

14.3 

10.4 

65.6 

26.7 

2.5 

5.2 

Arnold fine 

12 

Original 

0.115 

m 

0.006 

0.016 

8.0 

6.4 

71.3 

20.7 

3.0 

5.0 

sandy loam 


Cropped 

0.117 

i 

0.005 

0.010 

8.2 

6.4 

71.6 

22.7 

2.5 

3.2 



Fallowed 

0.112 

0.023 

0.004 

0.015 

8.0 


69.9 

23.4 

2.0 

4.7 

Standish fine 

14 

Original 

0.255 

0.049 

0.011 

0.108 

20.0 


63.5 

20.2 

2.5 

13.8 

sandy loam 


Cropped 

0.258 

0.048 

0.013 

0.091 

19.6 


65.2 

20.0 

2.8 

12.0 



Fallowed 

0.254 

0.048 

0.014 

0.100 

19.8 


64.0 

20.0 

3.1 

12.9 

Mean of fine 


Original 

0.171 

0.032 

0.009 

0.039 

12.5 


68.6 

20.8 

3.4 

7.2 

sandy loams 


Cropped 

0.172 

0.032 

0.009 

0.028 

12.3 


70.5 

21.3 

3.3 

4.9 



Fallowed 

0.171 

0.028 

0.009 

0.034 

12.1 


71.2 

19.4 

3.4 

6.1 


exceeds the calcium by about 5 per cent, the only case where this relationship 
exists. In the other heavy soils the calcium is from 1.6 to 3.3 times the mag¬ 
nesium equivalence. In soil 14 where we find the greatest amount of replace¬ 
able potassium, the ratio of this base to sodium is S.5 to 1. Generally speak¬ 
ing, however, the amount of potassium is twice that of sodium. In comparing 
the mean value for the group of heavy soils with that of the group of light soils, 
it will be observed that calcium makes up a slightly greater proportion of the 
replaceable bases in the latter than it does in the former. The proportion of 
magnesium is considerably greater in the group of heavy soils. The propor¬ 
tions of potassium and of sodium in the group of light soils are both approxi¬ 
mately twice the values for these bases in the heavy soils group, although the 
absolute quantities of each of these two constituents in the two groups are 
about equal. 

It is of interest to note that an average of the relative proportions of the re¬ 
placeable bases in these 13 soils gives values for calcium and magnesium which 
are quite dose to those reported by Kelley and Brown (5) for an average of 
seven Californian soils of neutral or slightly alkaline reaction. In the latter, 
however, the sodium predominates over the potassium by a ratio of 2 to 1 
while in the soils reported here the potassium exceeds the sodium by approxi¬ 
mately the same ratio. 

CHANGES IN THE REPLACEABLE BASES 

In considering the data from the cropped and fallowed soils with respect to 
the condition of these soils at the beginning of the experiment, those changes 
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which are general and significant in magnitude over the entire group should 
receive major attention. 

A comparison of the mean values for the cropped and fallowed soils of the 
heavy and of the light groups with those for the respective original soils, shows 
that in each group there has been only a slight and insignificant lowering of 
the values for total bases. The results for total bases for the individual soils, 
then, show that there are four cases each in which the cropped and the fallowed 
soils exceed slightly the original soils. 

The mean values for each group of soils seem to indicate that calcium has 
remained constant, which is a reflection of the behavior of each heavy soil 
and of most of the light soils. In soils 8 and 9, both cropped and fallowed, 
there appear to be increases, but these are offset in calcul a t in g the mean values 
for the group by decreases in the case of soil 10. 

As judged by the mean values for the group of heavy soils, magnesium shows 
a slight decrease in the cropped soils, the result of this behavior in four soils 
(2, 3, 5, and 6). In the cases of the fallowed heavy soils and both cropped 
and fallowed light soils, the magnesium seems to have remained practically 
constant. 

Sodium seems to undergo no uniform or significant change, the mean values 
rather show it to be very constant, the result of about an equal number of 
increases and decreases in both groups of soils. 

When we consider the mean values for potassium in each group there seem 
to be, especially in the cropped soils, very significant decreases. In most of 
the soils which had been fallowed, the decreases are not so large and in several 
cases cannot be considered significant. A comparison of the cropped and 
the fallowed condition of each soil with the corresponding original, shows 
that in every case there has been a loss. These decreases of replaceable po¬ 
tassium for the most part are very small in magnitude compared to the total 
replaceable bases but make up a very considerable part of the replaceable po¬ 
tassium present in the original soils. The potassium in the group of heavy 
soils comprises from 2 to S per cent of the total replaceable bases, with a mean 
value of 3.7 per cent, whereas in the light group it is from 4 to 14 per cent of the 
total, the mean being 7.2 per cent. It is evident, therefore, that significant 
changes in this constituent, which makes up such a small part of the replace¬ 
able fraction, might not alter the total of the replaceable bases by an amount 
which would be considered significant. 

LOSSES OF REPLACEABLE POTASSIUM 

Table 2 shows the losses of potassium, calculated first on the basis of the 
original content of this constituent, and second as percentage of the soil. 

The values are very variable over the whole group of soils but it will be noted 
that the continuously cropped soils of the sandy loam type show a much wider 
spread of values both in absolute and relative losses. The behavior of the 
replaceable potassium in soil 7 is in striking contrast to that in soil 8. These 
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TABLE 2 

Comparison of the losses of replaceable potassium from cropped and fallowed* soils with that 

contained in the crops 





LOSS FROM SOIL 

CONTENT 

OF CROP 

DESCRIPTION 07 SOIL. 


Per cent of 
original 

Per cent of 
water-free 
soil 

(PER CENT OF 
WATER-FREE 

son,) 


r 

1 

Cropped 

Fallowed 

34.21 

13.16 

0.013 

0.005 

0.014 

0.007 



2 

Cropped 

Fallowed 

22.64 

9.43 

0.012 

0.005 

0.014 

0.007 

Yolo silty clay loam ^ 


3 

Cropped 

Fallowed 

23.73 

15.25 

0.014 

0.009 

0.012 

0.006 



4 

Cropped 

Fallowed 

29.03 

9.68 

0.009 

0.003 

0.014 

0.007 



5 

Cropped 

Fallowed 

35.30 

8.82 

0.012 

0.003 

0.022 

0.009 

Yolo clay loam 

6 

Cropped 

Fallowed 

34.37 

21.87 

0.011 

0.007 

0.013 

0.009 

Mean of silty day and day 
loams 


Cropped 

Fallowed 

29.88 

13.04 

BEISB 

0.015 

0.008 

Hanford fine sandy loam 

7 

Cropped 

Fallowed 

27.27 

4.55 

0.006 

0.001 

0.012 

0.005 

Fresno fine sandy loam 

8 

Cropped 

Fallowed 

66.67 

42.86 

0.014 

0.009 

0.016 

0.007 

Kimball fine sandy loam 

9 

Cropped 

Fallowed 

28.57 

7.14 

0.004 

0.001 

0.008 

0.005 

Tejunga fine sandy loam 

10 

Cropped 

Fallowed 

27.66 

10.64 

0.013 

0.005 

0.016 

0.008 

Madera fine sandy loam 

11 

Cropped 

Fallowed 

35.56 

0.016 

0.016 

Arnold fine sandy loam 

12 

Cropped 

Fallowed 

37.50 

(5.25 

0.006 

0.001 

0.009 

0.005 

Standish fine sandy loam 

14 

Cropped 

Fallowed 

15.74 

7.41 

0.017 

0.008 

0.012 

0.006 

Mean of fine sandy loams 


Cropped 

Fallowed 

34.14 

13.14 

0.011 

0.004 

0.013 

0.006 


■ Soils cropped in 1915, fallowed from 1916-1955, inclusive, and cropped in 1926. 
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two soils, starting with practically an identical quantity of this base, lost dur¬ 
ing the 12 years of cropping about 30 per cent and approximately 70 per cent, 
respectively, of the original supply. Soil 14 has an unusually high replaceable 
potassium content and this soil continuously cropped shows the greatest abso¬ 
lute loss, but it is also the smallest relative loss exhibited by any of the con¬ 
tinuously cropped soils. It is interesting to note that in the cropped heavy 
soils, with the exception of number 4, an almost uniform amount of potassium 
was lost from each, and the relative losses are all within a comparatively 
narrow range, which might have been anticipated from the fact that each of 
these soils has been classified as belonging to the same series. It may be worth 
noting, however, that the mean value (0.012 per cent) for the loss of potassium 
from the group of cropped heavy soils is almost identical with the correspond¬ 
ing value (0.011 per cent) for the sandy loam group, although the relative loss 
from the former group is about 5 per cent lower than from the latter group. 
This may be a coincidence. 

A literal interpretation of the figures indicates a loss of potassium from each 
of the fallowed soils. At least three of the soils (numbers 7, 9, and 12) cannot 
be said to have lost significant amounts. These are the same three soils which 
show the least absolute losses in the continuously cropped condition. Fal¬ 
lowed soils 4 and 5 show losses which may be considered barely significant, 
although in the continuously cropped condition their losses are certainly 
significant. The mean values for losses of potassium from the two groups 
(heavy and light) of fallowed soils are almost identical, 0.005 and 0.004 per 
cent, respectively. In the soils which were fallowed, we observe in the group 
of light soils a greater spread of losses (0.001 to 0.009 per cent) than in the group 
of heavy soils (0.003 to 0.009 per cent). The losses from fallowed soils 7 and 
8 again show up in marked contrast, the former being about 5 per cent and the 
latter, 43 per cent, of their practically identical original contents. 

These wide variations in magnitude of the losses of potassium seem to indi¬ 
cate that there are differences in the nature of the complexes involved in re¬ 
placement. The differences appear to be accentuated in soils of variable ori¬ 
gin, such as the sandy loam group. 

COMPARISON OP LOSSES OP POTASSIUM WITH CROP WITHDRAWALS 

The last two columns of table 2 show the loss of replaceable potassium from 
the soils under the two treatments and the amounts of potassium found in the 
crops removed from these soils, both expressed as percentage of the soil. 

First, if we observe the mean values for each group, there are slightly greater 
amounts of potassium contained in the crops in each case than correspond to 
the observed decreases of this base in the soils. For the group of heavy soils 
in the continuously cropped condition, the loss of replaceable potassium ac¬ 
counts for 80 per cent of the potassium withdrawn by the crops from these 
soils whereas in the group of light soils the corresponding relation is 85 per 
cent. These are values which agree very closely with that reported by Fraps 
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(2) in his recent paper. When we compare the results for the individual con¬ 
tinuously cropped soils, we find cases such as soils 1, 2, 3, and 6 of the heavy 
group, and soils 8, 10, and 11 of the light group where there are very close 
agreements between these values. On tie other hand, we observe in the cases 
of soils 4 and 5 of the heavy group that the decreases correspond to approxi¬ 
mately 60 per cent of the potassium found in the crops. In these last men¬ 
tioned soils there appear to be no striking differences, either in their content of 
replaceable potassium or in its relation to the total, when compared to those 
heavy soils in which the losses agree closely with crop withdrawals. In the 
sandy loam soils 7, 9, and 12, where the decreases of replaceable potassium 
represent 50 to 70 per cent of the total amount of potassium removed by crops 
from these soils, we observe that this base constitutes an appreciably smaller 
proportion of the total replaceable bases than in those sandy loam soils where 
the decreases are closely related to crop withdrawals. The contents of re¬ 
placeable potassium in the original soils 9 and 12 are considerably lower than 
any of the other soils either heavy or light, whereas that of the original soil 7 
is the same as soil 8 before cropping; however, in the latter soil (no. 8) potas¬ 
sium constitutes a much greater proportion of the total replaceable bases. 

The behavior of soil 14 is noteworthy in that the loss of potassium is signifi¬ 
cantly greater (0.005 per cent) than the crop withdrawal. It is the only con¬ 
tinuously cropped soil in the entire group where this relation clearly exists. 
A characteristic of this soil distinguishing it from all the others is its unusually 
high content of replaceable potassium (0.108 per cent), which is approximately 
double the quantity contained in soil 3, the next in order of magnitude, and 
seven times the content of soil 9, which contains the least. Although it has 
been postulated by Page and Williams (6) that there may be a conversion of 
replaceable potassium to a non-replaceable form, the data here presented 
indicative of such a possibility are entirely too meagre to be convincing. His- 
sink (4) has stated that transfer between adsorbed and strong acid-soluble 
bases cannot occur to any great extent. 

The bulk of the evidence at hand seems to indicate that the barley crops 
have either obtained part of their potassium from the non-replaceable form, 
or if it has all been absorbed from the replaceable complex, directly or indi¬ 
rectly, there has been a partial replenishment of the potassium in this complex 
from the non-replaceable form. 

It will be observed that the losses of potassium from the so-called fallowed 
soils are more than accounted for by the two crops of barley removed from each 
of these soils. In the heavy group the loss is 63 per cent of the crop withdrawal, 
whereas in the light group it is 67 per cent, in both cases being somewhat lower 
than the corresponding relation in the respective continuously cropped groups. 
The striking observation again seems to be that the losses from the heavy soils 
4 and 5 are one-half and one-third, respectively, of the crop withdrawals, 
whereas for the light soils 7,9, and 12 the relation is one-fifth. To account for 
the behavior of the three last mentioned soils, one might venture the hypothe- 



132 


J. C. MARTIN 


V 


TABLE 3 

Twentieth-normal SCI extractable bases in original, cropped, andfallowed*soils 


DESCRIPTION 07 SOILS 

PER CENT 07 WATER-TREE SOIL 

LOSS ofK 

(per cent op 
WATER-FREE SOIL) 

Ca 

Mg 

Na 

K 


1 

Original 

0.349 

0.324 

0.018 

0.042 




Cropped 

0.365 

0.325 

0.018 

0.026 

0.016 



Fallowed 

0.364 

0.321 

0.019 

0.029 

0.013 


2 

Original 

0.424 

0.204 

0.030 

0.051 




Cropped 

0.431 

0.218 

0.017 

0.056 

0.005 (gain) 



Fallowed 

0.428 

0.215 

0.025 

0.055 

0.004 (gain) 


3 

Original 

0.273 

0.199 

0.026 

0.061 


Yolo silty day loam 


Cropped 

0.275 

0.203 

0.025 

0.045 

0.016 



Fallowed 

0.270 

0.204 

0.051 

0.052 

0.009 


4 

Original 

0.247 

0.157 

0.026 

0.040 




Cropped 

0.253 

0.167 

0.037 

0.026 

0.014 



Fallowed 

0.253 

0.157 

0.025 

0.031 

0.009 


5 

Original 

0.626 

0.139 

0.014 

0.047 




Cropped 

0.642 

0.144 

0.013 

0.028 

0.019 



Fallowed 

0.634 

0.147 

0.022 

0.042 

0.005 

Yolo clay loam 

6 

Original 

0.564 

0.368 

0.059 

0.035 




Cropped 

0.584 

0.374 

0.049 

0.024 

0.011 



Fallowed 

0.573 

0.381 

0.053 

0.024 

0.011 

Mean of day and silty 


Original 

0.414 

0.232 

0.029 

0.046 


clay loams 


Cropped 

0.425 

0.239 

0.027 

0.034 

0.012 



Fallowed 

0.420 

0.238 

0.033 

0.039 

0.007 

Hanford fine sandy loam 

7 

Original 

0.387 

0.063 

0.034 

0.040 




Cropped 

0.357 

0.061 

0.025 

0.030 

0.010 



Fallowed 

0.364 

0.057 

0.021 

0.036 

0.004 

Fresno fine sandy loam 

8 

Original 

0.210 

0.035 

0.008 

0.029 




Cropped 

0.206 

0.035 

0.008 

0.012 

0.017 


i 

Fallowed 

0.222 

0.031 

0.012 

0.021 

0.008 

Kimball fine sandy loam 

9 

Original 

0.274 

0.027 

t 

0.020 




Cropped 

0.301 

0.027 


0.020 

0.000 



Fallowed 

0,272 

0.026 


0.021 

0.001 (gain) 

Tejunga fine sandy loam 

10 

Original 

0.567 

0.044 

f 

0.047 




Cropped 

0.561 

0.038 


0.046 

0.001 



Fallowed 

0.557 

0.042 


0.044 

0.003 

Madera fine sand loam 

11 

Original 

0.258 

0,072 

t 

0.055 




Cropped 

0.265 

0.073 


0,039 

0.016 


* Soils cropped in 1915, fallowed from 1916-1925 inclusive, and cropped in 1926. 
t Not determined. 
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TABLE 3 —Continued 


DESCRIPTION OP SOILS 

PER CENT OP WATER-FREE SOIL 

LOSS OP K 

(per cent op 

WATER-FREE SOU) 

Ca 

Mg 

Na 

K 

Arnold fine sandy loam 

12 

Original 

0.259 

0.048 

t 

liflffi 




Cropped 

0.269 

0.049 


Hrjfl 




Fallowed 

0.259 

0.049 




Standish fine sandy loam 

14 

Original 

0.357 

HI 

t 





Cropped 

0.332 







Fallowed 

0.355 

□HE 


0.124 


Mean of fine sandy loams 


Original 

0.330 

0.059 


0.048 




Cropped 

0.327 

0.056 


0.040 

0.008 



Fallowed 

0.338 

0.053 


0.045 

0.003 


sis that the replaceable potassium had increased during the fallow period of 10 
years. If this occurred, the losses of replaceable potassium would agree more 
closely with crop withdrawals. Unfortunately, the present observations were 
not made until the fallowed soils had been cropped for one season subsequent 
to the fallow period. It was observed, however, by Burd and Martin (1) 
that after eight years fallowing, the displaced solutions from soils 9 and 12 
showed the greatest relative increases over their original concentrations; soil 
7 remained practically constant, and soil 8 decreased to about half its original 
concentration. Soil 8, in the so-called fallow treatment, lost the greatest 
amount of replaceable potassium of any sandy loam soil, over 40 per cent of 
the amount originally present. 

TWENTIETH-NORMAL HC1 EXTRACTABLE BASES COMPARED TO THOSE 
REPLACEABLE BY AMMONIUM ACETATE 

It has been suggested by Gedroiz (3) that a 0.05 N HC1 extraction of a soil 
until the teachings are practically free from calcium gives a fairly accurate 
measure of the replaceable bases. 

These soils were subjected to this extraction and the results of the analyses 
of the extracts are presented in table 3. (Compare with values in tables 1 
and 2.) 

The mean values for calcium in the group of heavy soils show that appre¬ 
ciably more of this constituent has been extracted by the acid. Two soils 
(no. 3 andno. 4) gave up more calcium to the ammonium acetate, while from one 
soil (no. 5) much more has been extracted by the acid. In the group of light 
soils the mean values show twice as much calcium extracted by the hydro¬ 
chloric acid. Each soil in the latter group with the exception of number 14, 
shows approximately the same ratio (2:1) between the acid extractable and 
ammonium acetate replaceable calcium. 

As regards magnesium, the entire group judged by the mean values for 
the heavy and for the light soils gave up twice as much to the 0.05 N HC1. 
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In each soil of the heavy group this ratio is practically constant. In numbers 
9 and 10 of the group of light soils, the ratio is not very wide but is in favor 
of the acid, whereas from the other soils in this group the acid extracted twice 
as much magnesium. 

The mean values for sodium in the group of heavy soils show that the am¬ 
monium acetate brought into solution only from 30 to 40 per cent of that ex¬ 
tracted by the acid. In the two soils of the sandy loam type where sodium 
was deter min ed, one (no. 8) shows a good agreement between the two extract¬ 
ing reagents. From the other (no. 7) the acid extracted approximately twice 
the amount of sodium. 

The am ount of potassium extracted by the hydrochloric acid is more closely 
related to that brought into solution by ammonium acetate than is the case 
with any of the other bases determined. The mean values for this constituent 
in the two groups of soils show the agreement of values to be a little better in 
the heavy soils. The amm onium acetate replaceable potassium ranges from 
70 per cent, in the case of the group of cropped light soils, to 93 per cent, in 
the group of fallowed heavy soils, of that extracted by the 0.05 N acid. 

The results of the extractions by either of these two reagents lead to the 
same conclusions with respect to calcium, magnesium, and sodium. The 
amounts of these three bases extracted by 0.05 N acid are appreciably greater 
than those brought into solution by ammonium acetate, but the cropping has 
not altered the values significantly. 

When we consider the hydrochloric acid extractable potassium as affected 
by cropping, the results do not show losses over the entire group. There are 
cases such as soil 2 in which both replacing reagents give the same amount 
of this base before cropping but the acid extractable potassium seems to 
increase after crop growth. Again in soils 9 and 12 there are appreciable dis¬ 
crepancies between the amounts extracted by the two replacing reagents, 
especially after cropping. Soil 10 in the original condition and also in the so- 
called fallow treatment yields an equal amount of potassium to both reagents, 
but after continuous cropping shows no decrease of 0.05 N acid extractable 
potassium, as it did when treated with ammonium acetate. It is of interest 
to note that the losses of potassium from the cropped and fallowed soils number 
4 and 5, as measured by the acid extraction, agree much more closely with 
those quantities withdrawn by the crops from these soils. There are other 
cases such as soil 3, before as well as after cropping, from which both these 
reagents extract the same amounts of potassium. 

It might be stated that the quantities of silica, iron, and aluminum brought 
into solution by the 0.05 N HC1 are of substantial magnitudes, which was not 
the case with the ammonium acetate extractions. This would indicate that 
the action of the acid was much more deep seated and was probably also bring¬ 
ing other silicates into solution. 

To summarize the results presented in table 3 as compared to those in 
tables 1 and 2, then, the ammonium acetate treatment seems to be a closer 
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measure of the replaceable bases. The milligram equivalents of total bases 
brought into solution by this reagent are in much better agreement with the 
ammonium absorbed by the soils (where determined) than is the case with 
the 0.05 N acid extractable bases when calculated to this basis. The losses 
of potassium due to cropping are more consistent and quantitatively in better 
agreement with crop withdrawals of this base over the entire group of soils, 
when measured by the ammonium acetate replacement. 

SUMMARY AND CONCLUSIONS 

A survey of the data reported here leads to several conclusions: 

There are greater relative variations in the amount of replaceable bases in 
soils classified as of different origin than within a group of soils of uniform 
classification. The quantities of exchangeable bases in these clay or silty clay 
loam soils are generally much higher than in the sandy loam soils. 

When the soils were subjected to a prolonged period of cropping annually 
to barley or were cropped twice with a long fallow period intervening, there 
were no appreciable changes in the content of total replaceable bases. 

There were significant decreases of replaceable potassium in all soils cropped 
annually for 12 years. Nine of the 12 soils, which supported two barley crops 
with a 10-year fallow period intervening, show significant decreases in potas¬ 
sium. The content of total bases is not significantly altered by these decreases 
in potassium, because calcium and magnesium, which comprise 90 per cent of 
the total, remain constant. 

The loss of potassium from the entire group of soils supporting an annual 
crop of barley for 12 successive years is 32 per cent of that contained in these 
soils at the beginning of the experiment and is 82 per cent of the potassium 
removed in the crops from these soils. The losses of potassium from the same 
original group of soils, which have supported two crops of barley with an 
intervening fallow period of 10 years, are of questionable significance in several 
cases, but for the entire group, make up 13 per cent of the original content and 
constitute 64 per cent of the crop withdrawal. 

The data seem to be especially significant, since this experiment has been 
conducted under conditions which preclude the loss of any of the four bases 
from the soil except by crop withdrawals. 

These relations between losses of potassium and crop withdrawals of this 
constituent suggest the importance of the replaceable base complex with 
respect to available potassium in soils. 

The 0.05 N HC1 extractable bases in these soils are compared to the ammo¬ 
nium acetate replaceable bases and their relations discussed briefly. 
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THE INFLUENCE OF ORGANIC MATTER AND LIME ON SOIL 
MOISTURE AND ON THE PERCENTAGE OF CARBON 
AND NITROGEN IN FIELD SOILS 1 
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Received for publication October 30, 1923 

The field experiment on the availability of nitrogenous fertilizers at the New 
Jersey Agricultural Experiment Station has now been in progress for 20 years. 
Inasmuch as the treatments have been continuouly the same, with the excep¬ 
tion of certain minor changes, the opportunity was taken of making a study 
of the moisture contents of the soils of certain of the plots as influenced by the 
fertilizer, manure, and lime treatments. 

The experimental field is laid out into forty -^-acre plots, one-half of which 
receive lime at the rate of 2 tons of ground limestone per acre every five years 
and one-half receive no lime. The unlimed plots comprise series A, the limed 
plots series B. The fertilizer treatments are the same for the corresponding 
plots in each series. Twelve plots, six in each series, were selected for this 
experiment, and the treatments which are given these plots are indicated in 
the following outline: 

Plot number Fertilizer treatment 

4A, 4B Minerals only* 

5A, 5B Minerals, 1600 pounds cow manure 
7A, 7B Nothing 

18A, 18B Minerals, 1600 pounds cow manure, 16 pounds NaNOs 
19A, 19B Minerals only 

20A, 20B Minerals, 200 pounds wheat or rye straw, 16 pounds NaNO* 

* Minerals: 16 pounds add phosphate, 8 pounds muriate of potash. 

The soil is a Sassafras loam, which in some places contains considerable 
fine gravel. 

The rotation for the first live years was com, oats, oats, wheat, timothy; 
but in 1913 it was changed to corn, oats, wheat, timothy, timothy. The crop 
in 1928 was com. The crop results have been reported in previous papers 
(1,2, 3,4). 

1 Journal Series paper of the New Jersey Agricultural Experiment Station, Department of 
Soil Chemistry and Bacteriology. 

2 The author, a graduate student at Rutgers University in the department of soil chemistry 
and bacteriology, is indebted to Prof. A. W. Blair for placing at his disposal the experimental 
plots, to Mr. A L. Prince for the nitrogen and pH determinations, and to Prof. J. H. Clark 
for the rainfall records. 
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In this experiment nine sets of samples were taken, the first on May 1, the 
last on July 26. Eight borings, each to a depth of 6% inches, were made for 
each sample. This composite sample was then quickly sifted through a 5-mm. 
sieve, well mixed and a portion of approximately one hundred grams placed 
in an' aluminum weighing can. These samples were then weighed, dried to 
constant weight at 100°-105°C., and reweighed. The results are shown in 
table 1. The rainfall record covering the period of the experiment is shown in 
table 2. 

The results in general are what might be expected in a soil of this type, 
namely, that the addition of organic matter increases the moisture holding 
capacity, and the periodic addition of lime, by coagulating the fine particles, 
decreases it. This is clearly shown in table 3, which gives the averages. 


TABLE 1 

Moisture contents of soils 


PLOT 


PER CENT MOISTURE 



It will be seen that the organic matter increases the moisture holding capac¬ 
ity more than twice as much as the lime decreases it. It is also shown that the 
effect of the organic matter is twice as great on the limed soils as on the un¬ 
limed. The differences between plots 4A and 5A were rather unexpected and 
are only explainable on the basis that 4A lies somewhat lower than SA and thus 
receives some drainage water. In a season of as heavy rainfall as this, this 
tendency becomes more marked than would be the case in one of normal 
rainfall. 

With the exception of the samples collected on July 20 and 26, the soils of 
plots 18A and 18B show the highest percentage of moisture in their respective 
senes. The exceptions mentioned occur in connection with samples from 
plot 4A which show a higher percentage of moisture than the samples from 
18A. The difference is no doubt due in part to the lower position of 4A and in 
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part to the fact that the com on 18A was at this time making much more rapid 
growth and therefore was using much more moisture. 

These soils were analyzed for total nitrogen and carbon; the results are given 
in table 4, together with the pH values. It is of particular interest to note the 
low percentage of carbon and nitrogen in the soil from plot 7A as contrasted 
with that from plot 5A, for example, which is separated from it by only about 
thirty-five feet. The percentage of nitrogen in SA is practically double that 
in 7A. This change has been brought about in a period of 20 years. It is 
very evident that the manure has been an exceedingly important factor in 
maintaining the nitrogen and carbon content of the soil of plots 5A and SB, 
and also of 18A and 18B. 


TABLE 2 

J Rainfall record April Z7 to July 24 


DATE 

MAY 

JUNE 

JULY 

DATE 

APRIL 

MAY 

JUNE 

JULY 


in. 

in. 

in. 


in. 

in. 

in. 

in. 

1 

0.04 

.... 

Tr. 

16 


BH1H 



2 

.... 

0.11 

0.05 

17 


1 


.... 

3 

.... 

.... 

Tr. 

18 


1 

Tr. 

.... 

4 

Tr. 

0.27 

0.72 

19 



■ 

.... 

5 

.... 

0.76 

1.18 

20 


■ 



6 

.... 

1.38 

1.96 

21 


Tr. 


Tr. 

7 

.... 

Tr. 

.... 

22 




Tr. 

8 

.... 

.... 

.... 

23 


1 H 


ESS 

9 

0.29 

0.05 

Tr. 

24 


HHI 

0.33 

Ek9 

10 

0.05 

0.94 

0.07 

25 



.... 


11 

Tr. 

Tr. 

0.02 

26 


0.23 

Tr. 


12 

0.06 

0.05 

0.02 

27 

0.08 

0.32 

.... 


13 

.... 

Tr. 

2.13 

28 

1.11 

0.02 

.... 


14 

.... 

Tr. 

0.17 

29 

0.05 

Tr. 

0.57 


15 

.... 

0.98 

.... 

30 

Tr. 

0.05 

0.38 






31 

.... 

.... 

.... 



The higher percentage of nitrogen and carbon in the soil from 7B as com¬ 
pared with 7A is undoubtedly the indirect result of the lime that is used on 7B. 
This plot has consistently given higher yields than 7A and this means larger 
crop residues returned to the soil; furthermore, on account of the lime, there 
has been a tendency for volunteer clover to appear on 7B after grain and hay 
have been harvested, and this has contributed some nitrogen and carbon. 

Each year plots 18A and 18B give the heaviest crops for the respective 
series, and thus large crop residues remain to be plowed under for the suc¬ 
ceeding crop. These residues, together with the manure that is applied, add 
large quantities of organic matter, which is reflected in the increased moisture 
content and a higher percentage of nitrogen and carbon in the soil of these 
plots. 
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Analyses made in 1909, soon alter the laying out of the experimental plots, 
showed the percentage of total nitrogen and carbon in these soils to be 0.112 
and 1.22 respectively (1). Table 4 shows that the content of total nitrogen 
in the soils of 18A and 18B is now 0.134 per cent. This is an increase of 440 


TABLE 3 


Average moisture content of soils 


TREATMENTS 


MOISTURE 


percent 


Average of all receiving organic matter.... 
Average of all receiving no organic matter. 
Increase due to organic matter. 


14.30 

12.44 

1.86 


Average of all receiving lime.... 
Average of all receiving no lime. 
Decrease due to lime. 


13.01 

13.73 

0.72 


Average—unlimed with organic matter.... 
Average—unlimed without organic matter. 


14.40 

13.06 


Average—limed with organic matter— 
Average—limed without organic matter. 


14.19 

11.82 


TABLE 4 


Percentage of carbon and nitrogen and pH values 


PLOT NUMBER 

TOTAL NHOGEN 

TOTAL CARBON 

pH VALUES 


per cent 

H 


4A 

0.100 

■ 

5.36 

5A 

0.135 


5.46 

7A 

0.068 


4.70 

18A 

0.134 

1.79 

5.88 

19A 

0.084 

1.15 

5.03 

20A 

0.098 

1.32 

5.80 

45 

0.078 

1.04 

7.05 

5B 

0.132 

1.75 

6,87 

7B 

0.077 

1.09 

7.20 

18B 

0.134 

1.73 

7.09 

19B 

0.081 

1.14 

7.04 

20B 

0.092 

1.24 

7.29 


pounds of nitrogen per acre 6f inches in 20 years, or 22 pounds per acre per 
year. Over the same period, 7A shows a loss of 880 pounds of nitrogen, or 44 
pounds per acre per year. Plots 20A and 20B, which receive the same amount 
of nitrate of soda annually as 18A and 18B, show losses of 14 and 20 pounds of 
nitrogen per acre per year respectively, so that it is apparent that the increased 
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nitrogen content of the soils of 18A and 18B is due mainly to the large quan¬ 
tity of organic matter which they receive. 

The six soils receiving annual applications of organic matter, either as straw 
or manure; namely 5,18, and 20, A and B, show an increase in total carbon over 
that originally present in 1909, whereas the six which have had no added 
organic matter all show a decrease in total carbon. 

SUMMARY 

1. A series of moisture determinations was made on the soils of certain 
experimental plots. 

2. In all cases but one, those soils receiving an annual application of organic 
matter show a higher moisture content than those receiving no treatment or 
only minerals. 

3. In all cases but two, those soils receiving lime show a lower moisture con¬ 
tent than the corresponding soils receiving no lime. 

4. The addition of organic matter increased the moisture content approxi¬ 
mately twice as much as the addition of lime decreased it. 

5. The soils receiving annual applications of organic matter, as manure or 
straw, show an increase in total carbon over the amount origi nal ly present in 
1909. Those receiving manure show an increase in total nitrogen also. All 
other plots show a decrease in these two elements. 
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LIME PENETRATION RESULTING FROM SURFACE APPLICATION 

TO PASTURE LAND 1 

P. R. NELSON 
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Considerable conflicting data have been obtained by different investigators 
on the penetration of lime into different depths of the soil. Wilson (10) found 
no downward movement of calcium in pots after 12 months of weathering. 
Practically no penetration was obtained in a sod-covered lysimeter after one 
year at the Pennsylvania Agricultural Experiment Station (4). Ruprecht (5) 
showed that an application of lime was almost completely removed from the 
soil in a lysimeter after a 10-year drainage water study. In a crop rotation 
study Stewart and Wyatt (7) found in one field, after 3$ years, that there was 
no evidence of penetration; but in a second field, limed for 14 years, there was 
a partial neutralization of the second 6 inches. White and Holben (9), as a 
result of 40 years continuous application of fertilizer to the soil, state that of the 
13 per cent of lime lost from the surface, 65 per cent was retained in the subsoiL 
Van Alstine (8), studying surface applications of lime to Rothamsted soils, 
found a slight penetration of calcium. Mclntire (3) reports that lime applied 
in a 4-year rotation for 30 years is more completely disseminated through the 
first 21 inches on a manured soil than on an unmanured soil. 

EXPERIMENTAL 

The present paper gives the results of a study of the penetration of lime into 
a Gloucester sandy loam in permanent pasture plots having received different 
fertilizer treatment. The field consisted of six series of eleven plots, 2 square 
rods in area, each of which was divided into an east and west half, with ground 
limestone applied to the east portion in the fall of 1921 at the rate of 2400 
pounds per acre. Eighteen of the plots received no fertilizer and were used as 
a check on the influence of the fertilizer. Those plots to which the greatest 
application of fertilizers had been made were studied, it being felt that the possi¬ 
bility of an influence upon the lime penetration would be more apt to be mani¬ 
fested in them. In the fall of 1927, samples were taken by Prof. C. P. Jones 
and the author at depths of 0 to 3, 3 to 6,6 to 9, and 9 to 12 inches from the 
eighteen check plots and from those which received an average total applica¬ 
tion of 640 pounds of potassium chloride, 3840 pounds of acid phosphate, or 
1920 pounds of gypsum per acre during the period of the experiment. The 

x From the department of chemistry, Massachusetts Agricultural Experiment Station. 
Printed with the permission of the director of the station. 
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samples were air-dried, and soil particles larger than one millim eter in diameter 
were discarded. 

Two methods for observing the effect of the lime were used: deter mina tion 
of calcium oxide by Hilgard’s method, and hydrogen-ion by means of the 
quinhydrone electrode (8). 

From the results shown in table 1, the amount of calcium on the surface of 
the limed areas indicates that the greater part of it has remained at the point 
of application, since it is nearly 0.2 per cent greater than on the unlimed por¬ 
tions and also greater than in the lower zones of the limed areas. At lower 
depths in all cases, except the limed check plots, where there seems to be a 
trend toward accumulation, there is little evidence of penetration. Indeed, 
in the case of the acid phosphate and gypsum plots, where considerable more 
calcium has been added, more of the residual lime has been leached from the 
soil. 

The pH determinations, on the other hand, give indication of penetration in 
each type of fertilization, which is not apparent from the calcium determina¬ 
tions. With the exception of the gypsum plots and the surface layer of the 
add phosphate plot, the unlimed plots show no change in soil addity as a 
result of fertilization. The gypsum has shown a tendency, though slight con¬ 
sidering the amount which has been added, to neutralize the addity to a depth 
of 9 inches. This is not in agreement with most of the results obtained with 
gypsum. Erdman (2) reports with an application of 1000-2000 pounds per 
acre that there is an increase in acidity of .21—.27 pH. Cubbon (1), with several 
soil types, is in agreement with the majority of the workers that gypsum has 
no effect on soil acidity. The large increase in pH of the surface soil on the 
limed portions of the plots corresponds favorably to the increase in calcium 
found in these same plots, but in addition, there are significant differences 
at lower depths which were not manifest by the calcium determinations. The 
check plots exhibit a slight penetration as shown by a partial neutralization 
of the soil acidity to the depth of 9 inches. Add phosphate apparently has 
no influence upon the pH, for the results agree closely with those of the check 
plots at the same depths; but potassium chloride seems to have a tendency to 
retard the penetration, for neutralization has not occurred beyond the second 
zone. If the neutralizing effect of the gypsum alone is removed, the same 
manifestation of penetration is obtained in these plots as is obtained with lime 
alone or with acid phosphate and lime. 

SUMMARY 

From a study of the lime content and the pH values of the treated and un¬ 
treated pasture soils it has been found that the greater part of the calcium 
has remained at the point of application and exerted its influence there. The 
pH values show a trend toward a gradual penetration as indicated by a slight, 
though consistent, neutralization of the soil acidity to a depth of 9 inches. The 
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only fertilizer which has had the slightest neutralizing effect upon the soil is 
gypsum and its effect has not influenced the change in acidity caused by the 
application of lime alone. 
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Experience extending over a number of years with different types of tools 
designed to sample the soil for the determination of its moisture content has 
shown that a soil-sampling tube properly made gives more accurate and con¬ 
sistent results than those obtained with other devices. In fact, under certain 
conditions it has been found that the soil tube is the only device which can be 
used. Where gravel is encountered the pieces may be large enough to prevent 
the use of either the “post-hole” or “worm” augers, but with the sampling tube 
described herein it is possible to cut through the gravel and obtain a satisfac¬ 
tory sample. The disadvantages of the soil-sampling tube are its high cost 
and the difficulty sometimes encountered in removing the tube from the hole in 
dry soils. 

The sampling tube which has been found best suited where quantitative 
measurements of soil moisture are desired is similar to the tubes usually re¬ 
ferred to as the “King soil tube.” However, certain changes in the sampling 
tubes heretofore designed have been found to better to a considerable degree 
the performance of these devices. 

The details of the sampling tube, together with the drive head and point 
(fig. 1), are sufficiently clear for any competent machinist to follow. Tubes 
over 5£ feet long are not convenient to use unless holes are first punched with 
shorter tubes. The maximum length of tubes in one piece used by the writer 
is about 13 feet. This tube can be used for taking samples to a depth of 12 
feet, but three other tubes, a 4^-foot, a 7-foot, and a 10-foot tube, are first used. 
These three tubes take the samples from 0 to 3 feet, 3 to 6 feet, and 6 to 9 feet, 
respectively. The tubing is made of seamless cold drawn steel containing 3.5 
per cent of nickel. 

The success of the sampling is largely determined by the shape of the drive 
point. The point shown in figure 1 was adopted after trials were made with 
many other points of different shapes. The point is shaped so that a core of soil 
is cut without pushing the soil ahead of the point and compacting it, or without 
compacting the core in the tube. This fact is clearly evidenced by the satis¬ 
factory results of measurements of the apparent specific gravity, or volume 
weights, of soils in place obtained with this tube. The soil tube used by 
Beckett 1 to make volume-weight determinations was the tube described herein. 

1 Beckett, S. H. 1928 The use of highly viscous fluids in the determination of volume- 
weight of soils. Soil Set . 25: 481-483. 
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Beckett’s results show that this tube may be used with confidence for this 
purpose. 

If the point is properly tempered many samples can be taken even in gravelly 
soil before the point is worn out. However, when either points or heads need 
replacement or repair they may be removed readily by unscrewing them from 
the tubes. This also is a unique feature since all other tubes, as far as 
the writer is aware, have the heads and points permanently attached to 
the tubes. The taper in the point from £ inch at the outer end to inch 
at the inner end has been found to be an essential feature. Points designed 
by others have straight holes about up to the open end and the opening 
is sharply constricted. This arrangement is supposed to prevent the core 
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Tig. 1. Details of Soil-sampiing Tube 

of soil from being pulled out of the tube when the tube is withdrawn from the 
hole. The use of a straight bore in the drive point is objectionable since it 
tends to compact the core and offers resistance to the entrance of the core 
into the tube. The loss of the core can be prevented with the point of the 
present design by lightly compacting the soil in the tube with a pointed rod 
before pulling the tube out of the hole. Samples were taken with this tube in 
fine sand, so dry that other devices could not be used, by pushing the soil 
lightly with a rod which caused the samples to stay in the tube on withdrawal 
from the hole. In saturated or nearly saturated clays, samples can not always 
be kept in the tube but the insertion of a rubber cork in the open end of the 
head may keep the suction, which results from removing the tube from the 
hole, from pu lli n g the core out of the tube. The use of the rubber cork in 
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addition to tamping the core is advisable in all cases where extreme care 
is desired to retain all of the core in the tube, for instance, as when making 
volume-weight determinations. 

The shape of the head is not so important as that of the point but experience 
has shown that the head must be tapered on the inside as shown in figure 1. 
In the present design this taper is from 1 inch at the shoulder to If* inches 
at the outer end of die head. A straight hole in this portion of the head causes 
the core of soil to lodge and it can be removed only with difficulty. The lugs 
on the head may either be made as shown in the sketch or the head may be 
turned down from a large piece of steel, the space between the lugs being 
planed off. Either arrangement is satisfactory and the cost is about the same 



with either method of construction. When made in large quantities the heads 
may be cast or drop-forged. 

While the hamm er may be made in a number of different ways, the one 
shown in figure 2 has proved very convenient. The hamm er shown weighs 
about 18 pounds. A lighter hammer is not satisfactory except in moist soils. 
In sampling dry soils a heavier hammer, one which is 7\ inches long, inches 
wide, and 2\ inches thick , weighing about 30 pounds, has been found more 
desirable. The hammer may be made also of cast steel which is subsequently 
hardened by chilling. When several orders for manufacturing ham mers are 
placed with one machinist the cost may be lessened considerably, since the 
patterns for the casting can be used a number of times. 










150 


F. J. VEIHMEYER 


The drive hammer can be used to remove the tube from the hole. Usually 
in moist soils it is s uffi cient to pass the hammer over the head and give it a 
quarter turn and pull the tube by means of the lugs. When the tube sticks in 
dry soils, it may be knocked out of the hole by bringing the hammer up against 
the lugs with a sharp blow. The core of soil in the tube must be compacted 
before an attempt is made to withdraw the tube in this way, otherwise it will 



Peg. 3. Puller for Soil Tube 


be jarred out of the tube The tapered portion of the inner end of the head 
facilitates withdrawing the tube by jarring it with the hammer. It should be 
noted that the head and hammer are hardened to prevent them from being 
battered out of shape. Hardening of the head and hammer is further necessi¬ 
tated by the fact that the core can be removed from the tube satisfactorily only 
by jarring the head on the hammer. It is never desirable to attempt to push 
the core out of the tube. 
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Under some conditions soils are encountered in which the expediency just 
described of hammering the tube may not be sufficient to pull the tube from 
the hole and it is necessary, therefore, to use a puller. Figure 3 illustrates a 
puller which has never failed to work successfully, although its bulk and slow¬ 
ness of operation are disadvantages. 



Fig. 4. Soil Tube Point eor Use in Dry Sand 


The puller consists of two automobile jacks mounted on a base and con¬ 
nected at the top by means of a yoke. The yoke is provided with a circular 
central opening (fig. 3 D) and the soil tube can be passed through this opening 
and an opening in the base (fig. 3 C). A ring is suspended from the yoke by 
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means of two links. The inner surface of the ring is beveled as shown in 
figure 3 A. Two jaws which are lined with fibre fit into the ring. The d i a m eter 
of the inner surface of the jaws is the same as the outer diameter of the sam¬ 
pling tube. The rib on each jaw (fig. 3 A, E) is beveled the same as the inner 
surface of the ring. The operation of pulling the tube from the hole 
with this device is as follows: The puller is placed over the tube which passes 
through the opening in the base, ring, and yoke. The jacks are lowered until 
they occupy their lowest position. They are then raised by working in unison 
the handles (not shown in the figure). The sliding of the inner surface of the 
ring on the ribs of the jaws causes the jaws to move together and to grip the 
tube tightly. An increase of the pull exerted on the tube increases the force 
with which the jaws grip the tube; the fibre lining of the jaws increases the 
friction between the jaws and the tube. The inner surfaces of the jaws, having 
the same diameter as the tube, do not crush the tube even though tremendous 
forces are developed in pulling the tube. The jacks shown in figure 3 have 
been found to be most satisfactory since after being raised to their upper limit 
they will drop back to their lowest position if the trip (fig. 3 B) is released and 
the handles of the jacks are raised at the same time. 

The difficulties, under certain conditions, of removing the tube from the hole 
have always been a pertinent objection to soil-sampling tubes. The tube with 
the point described herein offers less resistance to withdrawal from the hole than 
any of the many kinds which were tested in different soils, and the writer be¬ 
lieves its proportions should not be altered except in cases where extreme 
types of soil are to be sampled. Where deep samples are desired the perform¬ 
ance of the tube can be bettered by slightly decreasing the maximum diameter 
of the point (given as 1\ inches in figure 1) for each tube, the tube with the 
smallest diameter being used in the deepest hole. In fine sand, a point shown 
in detail in figure 4 has given good results in taking samples below the upper 
three feet. The maximum diameter of the point is the same as the outer 
diameter of the tube so that there is no clearance. Consequently, the sand 
which is shaken from the sides of the hole when the tube is driven deeper does 
not lodge behind the point as is the case when points with clearance are used. 
The point "shown in figure 4 can not be used easily in moist loam or clay 
soils since the soil grips the tube throughout its length and great effort is 
required to pull the tube from the hole. 

Successful operation of the tube depends upon its being kept clean. A small 
flue cleaner ground down to fit loosely into the tube and screwed onto the end 
of a rod, when wrapped with steel wool and used in the same mann er as a shot 
gun cleaner, has proved to be very satisfactory for this purpose. The tube is 
always wiped out with an oil-soaked cloth after being used. When it becomes 
necessary to remove either the head or the point the tube should never be 
clamped in a vise nor held with a wrench in such a manner as to dent the tube, 
because denting prevents the core from being removed easily from the tube. 
The jaws of the puller (fig. 3 E) can be placed around the tube and clamped 
in a vise to hold the tube when the head or point is being unscrewed. 
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During the past six years several hundred thousand nursery and greenhouse 
plants have been grown successfully under commercial conditions in soils 
which have been treated with carbon disulfide according to the recommenda¬ 
tions of the Japanese Beetle Laboratory to destroy the immature stages of the 
Japanese beetle. Carbon disulfide is used as a gas (1) and also as an emulsion 
(6) to exterminate the eggs and larvae of the beetle in the soil. Nurserymen 
have found that many varieties of greenhouse plants usually grow as well in 
this fumigated soil as in unfumigated soil under normal commercial conditions. 
The growth of ornamentals which are treated in the field by pouring a dilute 
emulsion on the soil about their roots is usually inhibited for a short period 
after treatment, after which they are stimulated into vigorous development. 

In view of the great economic value of the ornamental and greenhouse crops 
that are treated annually, it was decided that further information regarding 
the effect of these insecticidal treatments on soils should be obtained by study¬ 
ing the results on the numbers of microorganisms and on the accumulation of 
ammonia and nitrates in the soil. 

Many different types of soil are used to grow the various nursery and green¬ 
house plants. Because of the limited time available for the work, it has been 
possible to make this preliminary microbiological study on Sassafras loamy 
sand only. The results obtained, however, are probably indicative of those 
which would be obtained with other soils. The preliminary results are pre¬ 
sented at this time, because there is little possibility of conducting in the near 
future an extensive investigation of the microbiological effects of the treatments. 

It is realized that, under certain conditions, there may be no relationship 
between the number of microorganisms and the accumulation of their .prod¬ 
ucts of metabolism and the growth of higher plants, since other factors 
than the supply of nitrogeneous matter and the decomposition of plant resi¬ 
dues may influence development. In general, it seems reasonable to expect 

1 Contribution No. 47, Japanese Beetle Laboratory, Moorestown, N. J. 

* The writer is indebted to Dr. J. G. Lipman, director, and to Dr. S. A. Waksman, soil 
microbiologist, of the New Jersey Agricultural Experiment Station, for suggestions and for 
the use of equipment during the course of this work. 

153 



154 


WALTER E. FLEMING 


tliat plants will not grow properly in a normal, fertile soil if the insecticidal 
treatment has seriously reduced the number of microorganisms and has caused 
the accumulation of relatively large quantities of ammonia. If, on the other 
hand, the treatment has stimulated the development of microorganis m s, and 
has tended to speed up the nitrifying processes, it is possible that the treatment 
will have been beneficial to the plants. 

METHODS OF DETERMINING THE NUMBERS OF MICROORGANISMS AND THE QUANTI¬ 
TIES OF AMMONIA AND NITRATE IN THE SOIL 

The method used in counting the number of bacteria in the soil is that given 
by Waksman and Fred (10). A suspension of soil in sterile water is diluted to 
a convenient and known extent, depending upon the number of bacteria 
present. One cubic centimeter of the diluted suspension is placed upon a 
sterile Petri dish and is mixed with melted nutrient agar medium. In these 
experiments five plates which were prepared for each soil were incubated at 
25° to 28°C. for seven days. The number of bacteria per gram of soil was 
then determined by counting the number of colonies which developed on the 
plates. The number of fungi in the soil was determined by a similar method, 
the special acid medium recommended by Waksman (9) being used, and the 
incubating period being three days. The nitrates were determi n ed colori- 
metrically with phenol disulfonic acid, and the ammonia was distilled from 
the soil into a standard sulfuric add solution in the presence of magnesium 
oxide, and was determined by titration. Both these methods are described 
by Fred (4). 


EFFECT OF CARBON DISULFIDE VAPOR 

A quantity of Sassafras loamy sand was sifted to remove stones and large 
lumps of soil and to make it homogeneous. It was then divided into 2-kgm. 
samples, which were placed in jars. One cubic centimeter of carbon disulfide 
was added to each of five jars, which gave a concentration equivalent to that 
produced by a dosage of 1 pound per cubic yard. Five untreated jars were 
used as a control, and all were sealed for a period of 48 hours. The covers 
were then removed, and sterile cotton plugs were inserted to permit the vapor 
to escape without subjecting the soil to possible contamination by the bacteria 
and fungi of the air. No trace of carbon disulfide could be detected in the jars 
at the end of five days, when the solid covers were replaced. The samples were 
kept at room temperature, and sterile distilled water was added to each as 
required to replace that lost by evaporation. Variation in the number and 
activity of the microorganisms present in the different samples was prevented, 
to a large extent, by maintaining the samples at optimum moisture content and 
at a fairly constant temperature. 

The number of bacteria and fungi and the quantity of ammonia and nitrate 
in each sample were determined before the soils were treated with the carbon 
disulfide. Determinations were also made after 7 days, when the odor of the 
chemical had disappeared from the soil, and after 33, 66 and 112 days. 



EFFECTS OF CARBON DISULFIDE ON SOIL 


155 


The results of these determinations, which are given in table 1, indicate tha t 
carbon disulfide applied at the rate of 1 pound to a cubic yard and left in con¬ 
tact with the soil for 48 hours has little effect on the number of bacteria. The 
treatment stimulated the development of fungi in the soil, the density being 
approximately three-fold that of the untreated soil throughout the 112 days of 

TABLE 1 

Effect of carbon disulfide vapor on soil 


(Carbon disulfide used at the rate of 1 pound per cubic yard of soil) 



FUMIGATED SOIL 

UNTREATED SOIL 

DAYS AFTER. 
BEGINNING OP 

Number of organisms 

Activity of organisms 

Number of organisms | 

Activity of organisms 

experiment 

Millions 
of bacteria 
per gm. 

Thousands 
of fungi 
pergm. 


Mgm. of 
nitrate 
per 100 gm. 

Millions 
of bacteria 
per gm. 

Thousands 
of fungi 
per gm. 

Mgm. of 
ammonia 
per 100 gm. 

Mgm. of 
nitrate 
per 100 gm. 

0 

4.1 

16.8 

0.60 

0.146 

3.8 

19.7 

0.60 

0.150 

7 

5.8 

71.0 

0.69 

0.150 

5.1 

22.6 

0.65 

0.146 

33 

5.3 

86.1 

1.00 

0.146 

6.2 

29.1 

0.60 

0.146 

66 

4.5 

95.0 

1.10 

0.155 

5.8 

31.0 


0.150 

112 

3.1 

104.3 

2.00 

0.150 

3.1 

36.0 


0.150 


TABLE 2 


Effect of carbon disulf.de emulsion 



SOIL TREATED WITH CSa 
EMULSION 

SOIL TREATED WITH WATER 

UNTREATED SOIL 


Number of 
organisms 

Activity of 
organisms 

Number of 
organisms 

Activity of 
organisms 

Number of 
organisms 

Activity of 
organisms 

DAYS AFTER 
START OP 
EXPERI¬ 
MENT 

Millions of bacteria 
per gm. 

•2 

*o 

*8 - 
ji 

Mgm. of ammonia 
per 100 gm. 

Mgm. of nitrate per 
100 gm. 

Millions of bacteria 
pergm. 

Thousands of fungi 
pergm. 

Mgm. of ammonia 
per 100 gm. 

R 

2 

1 

r 

i 

•t 

i s 

Thousands of fungi 
pergm. 

i 

« to 
*8 

i* 

A 

£ 

L. 

«i 

r 

0 

3.0 

27.0 


0.146 

2.9 

28.0 

0.20 

0.146 

3.0 

27.6 

QR* 

0.146 

3 

0.2 

1.0 


0.146 

2.5 

3.0 

BSEy 

|>1 

2.9 

27.8 


0.146 

10 

21.0 

2.4 


0.146 

2.9 

4.6 

0.00 

0.146 

3.8 

28.0 


0.146 

17 

30.0 

3.1 

0.90 

0.121 

5.0 

12.9 

0.60 

ESI 

4.0 

27.0 

BBS 

0.146 

23 

16.3 

4.0 

0.89 

0.126 

7.7 

29.3 


mm 

5.1 

25.2 

0.00 

0.150 

30 

17.6 

8.4 

2.15 

0.150 

4.0 

37.6 

0.60 

0.186 

6.2 

20.1 

0.00 

0.146 

59 

16.4 

32.9 

2.00 

K HE 

3.7 

32.0 

giJT/t] 

~ Pi] 

5.0 

28.0 

Egg 

0.150 

150 

5.6 

66.6 

2.10 

0.150 

3.5 

28.0 

0.80 

0.150 

3.1 

36.0 


0.150 


observation. There was no change in the concentration of nitrates but there 
was an accumulation of ammonia in the treated soiL 

EFFECT OF CARBON DISULFIDE EiCDLSION 

Six 4-kgm. samples of sifted Sassafras loamy sand were placed in inverted 
bell jars, the lower openings of which had been covered with muslin and were 
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treated by percolating 4 liters of a dilute emulsion containing 2 gm. of carbon 
disulfide through each mass. An equal number of samples was treated in the 
same maimer, but with water containing no carbon disulfide, and a third group, 
consisting of untreated samples, was placed in glazed earthen jars to serve as 
controls. The treatment of loose soil with large quantities of water or of dilute 
emulsion altered the structure of the soil and caused it to puddle. As the 
samples were still saturated with water after three days, they were removed 
from the bell jars and spread on heavy paper to dry. After two weeks, when 
the moisture content of the treated soils was about 50 per cent saturation, the 
samples were placed in glazed earthen jars and kept at 50 per cent saturation 
by the addition of sterile distilled water as required. Samples of each soil 
were taken at intervals for determination of the number of bacteria and of fungi 
and the quantity of ammonia and nitrate present. 

The results of these determinations, shown in table 2, indicate that the treat¬ 
ment of loose Sassafras loamy sand with a large quantity of water causes a 
decrease, followed by an increase, in the number of bacteria and fungi in the 
soil. The increase in the number of organisms was accompanied by an increase 
in the rate of accumulation of ammonia. 

When diulte carbon disulfide emulsion was used in place of water, there was a 
more marked decrease in the number of bacteria and fungi, followed by a 
greater increase in the number of these microorganisms. There was also a 
greater accumulation of ammonia, and a slight decrease in the proportion of 
nitrates. 


RESULTS 

The fumigation of Sassafras loamy sand with carbon disulfide at the rate 
of 1 pound to 1 cubic yard caused a change in the number of bacteria and of 
fungi per gram of soil and in the concentration of ammonia. On the seventh 
day after treatment, when all odor of the fumigant had disappeared, the 
number of bacteria per gram was almost the same as in the original soil, and 
this did not change greatly throughout the 112 days of observation. In view 
of the facts established by Waksman and Starkey (11), Hiltner and Stoermer 
(5), Russell and Hutchinson (7, 8), Fred (2, 3), and others, it is probable that 
a slight reduction in the concentration of bacteria in the soil would have been 
observed if a determination had been made while the fumigant was present in 
the soil. It is also possible that if more than 1 pound of the carbon disulfide 
had been used, a more pronounced reduction of the number of bacteria, followed 
by a rapid increase in their density, would have been observed, such as nor¬ 
mally occurs when soil is partiall y sterilized with higher concentrations of this 
compound. The fungi, on the other hand, were greatly stimulated by fumiga¬ 
tion with the small quantity of carbon disulfide that was used. The fungous 
flora, which was simplified by the treatment, consisted largely of species of 
Zygorhynchus and of JPenicillium. These fungi were three times as abundant 
in the treated soil as all fungi in the original soil. The nitrate content of the 
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soil was not appreciably reduced; the ammonia increased from 0.6 mgm. to 2 
mgm. per 100 gm. of soil. In view of these changes, it is probable that the 
organic matter in the soil had been modified so as to be more available to higher 
plants. The accumulation of ammonia in the treated soil might prove detri¬ 
mental to the growth of some greenhouse plants, particularly if tie soil were 
stored where it was not well aerated and if the nitrifying organisms could not 
develop readily. It appears to be important, therefore, that, in treating soil 
by this procedure, precautions be taken to aerate the soil thoroughly after 
fumigation to prevent the accumulation of ammonia in toxic concentrations. 

Treatment of loose Sassafras loamy sand with 0.05 per cent carbon disulfide 
emulsion resulted in puddling of the soil and a great change both in the numbers 
and in the nature of the microorganisms present. Fungi were almost elimi¬ 
nated, and recovered very slowly. Bacteria were destroyed, but became active 
and multiplied rapidly as the excess moisture evaporated, so that by the end 
of the seventeenth day they were ten times as numerous as in the original soil. 
There were few nitrifying organisms left in the soil, however, because the 
ammonia content had increased from 0,2 mgm. to over 2 mgm. per 100 gm. 
It remained at this high concentration for 120 days, while the nitrate content 
was appreciably reduced. It is apparent that a loose soil, when treated with 
a large volume of dilute emulsion, such as was used in this test, suffers a detri¬ 
mental change in its physical structure. The decrease in nitrates and the 
accumulation of ammonia are probably injurious to higher plants, and may 
account, in part, for the injury sustained when the soil remains puddled or 
saturated with dilute emulsion for several days. In well-drained, undisturbed 
soil in the field the effect of treatment with carbon disulfide emulsion probably 
resembles that of fumigation, since thousands of nursery trees have been 
treated successfully on soils of this type. 

SUMMARY 

A Sassafras loamy sand was treated with the concentrations of gaseous and 
of emulsified carbon disulfide used for the immature stages of the Japanese 
beetle, and observations were made on the effects on the microorganisms and 
on the concentration of ammonia and nitrates in the soil 

Treatment with 0.05 per cent carbon disulfide (1 pound to 1 cubic yard) did 
not affect the density of the bacterial population appreciably, but it stimulated 
the development of fungi. It also caused an accumulation of ammonia. 

Treatment under laboratory conditions with 0.05 per cent carbon disulfide 
emulsion was not satisfactory. The detrimental effect on the bacteria and 
fungi, the accumulation of ammonia, and the decrease in the concentration of 
nitrates in the soil are probably factors involved in causing the injury following 
treatment of ornamentals in poorly drained fields, or in fields puddled by 
the application of large volumes of water. It is probable that the results of 
treatment of well-drained, fertile soils with this concentration of carbon disul- 
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fide emulsion are very similar to those of fumigation when the same quantity 
of the gas is used. 

Treatment with 0.05 per cent carbon disulfide, either as gas or as emulsion, 
results in an accumulation of ammonia and in a change in the numbers of 
microorganisms. Care should be taken to aerate the soil after fumigation, 
and the emulsion treatment should be used only in well-drained soil, so as to 
avoid, as far as possible, excessive accumulations of ammonia. 
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The First International Soil Science Congress held in Washington, D. G, 
in June, 1927, and the transcontinental tour through the United States and 
Canada of over two hundred delegates opened a new chapter in the develop¬ 
ment of soil science. For the first time in the history of this relatively young 
science a gathering of the most prominent representatives from all over the 
world has come about. Almost all the branches of soil science have been 
brought together and an inventory of the accumulated knowledge has been 
made. These have been correlated and systematized, and a great program for 
the furtherance of the science has been laid down. The discussions at the 
meetings and the interchange of views have had a profound effect on the 
immediate methods of attack of various soil science problems and have opened 
new avenues of approach to the many complex problems of the science. 

One of the outstanding features of the Congress was the “invasion” of the 
Russian viewpoint on soils. The large, illustrious delegation with the late 
Dr. K. D. Glinka as the leader made a concerted effort to put across the 
Dokuchaev school of soil science, a purely Russian creation. An attempt was 
made by the Russians to fit into their scheme the soils of the North American 
continent. Their plan is based on comparative morphological soil characters 
and the climatological and geological data placed at their disposal by the 
American workers, in the field of soil science. Much was drawn from the ex¬ 
tensive store of knowledge of American soils possessed by Dr. Marbut, who 
prepared an elaborate guide for the members of the soil tour. 

Several of the Russian investigators who participated in the meetings and in 
the tour have since published their observations. The purpose of this paper 
is to summarize their views. Of the five papers that came to the attention of 
the reviewers, two—one by Kravkov and the other by Tulaikov—are of a 
general nature and deal but little with the soil phase of the Congress and tour. 
On the other hand, the papers by Prasolov (1), Vilenskii (3), and Tyurin (2). 
are concerned with the soil science aspect of their observations and finding s. 

I. Vilenskii presents a sketchy account of the general geographical char¬ 
acters of the United States and southern Canada. He deals with the orography, 
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geology, climate, and, somewhat in detail, the flora of the country. With this 
as a basis, Vilenskii constructs a classification and makes up a map of the soil 
cover of the country presenting two soil maps: one of the soil regions as sub¬ 
mitted by Marbut and one of his own. 

Vilenskii fits the soils of the United States and Canada into a system of zonal 
distribution of soils: 1. The soils of the subtropics (thermophytogenic 1 ); 2. 
The soils of the temperate belt (phytogenic); 3. the soils of the cold belt (phy- 
tohydrogenic). Besides these zonal belts one may find intrazonal: 1. Solo- 
netz-like soils (phytohalogenic); 2. Solonchak (hydrohalogenic). In addition 
to the intrazonal belts Vilenskii gives also the extrazonal-marsh soils (hydro- 
genic)—and the vertical zones—mountain soils (orogenic). 

All of the mentioned types of soil were found by Vilenskii in the United 
States and Canada. Still he recognizes that “in America there is not the zona - 
tion of soils in our sense of the word , neither latitudinal nor longitudinal , but there 
is a checkerboard pattern in which each soil square will to a certain degree be similar 
to the one either to the south or west. This , however , is only true for the soils of the 
central plain; the soils from the southeastern portion of the United States are dis¬ 
tributed in belts running from northwest to southeast” This peculiar distribu¬ 
tion is explained by Vilenskii 2 as follows: “In North America the direction of 
the isohyetal line is in general perpendicular to the direction of the isothermal, 
while in Russia they are more or less parallel.” 

In describing the various soils of the United States and Canada, Vilenskii 
uses the comparative method, always comparing the types of soil encountered 
with the known types of Russian soils. Thus he describes the soils in Minne¬ 
sota (near St. Paul) and Illinois (near Moline) as podzolized soils on a red, 
carbonate-free moraine. The whitish podzolized horizon terminates at a 
depth of 30 to 40 cm. The podozolized soils were also found in the Canadian 
Rockies at Jasper Park on various parent materials such as limestone and local 
moraines. Podzolized soils were also encountered in the Appalachian region, 
from the southern portion of Indiana and Ohio. But there the soils “may be¬ 
long to the yellow-red division of soil formations, being an intermediary 
formation between the true yellow-red and the primary podzolized soils of the 
Great Lake region. ” 

“Grey forest soils were found in many places: in Minnesota, Alberta (near 
Edmonton), Iowa, and the southern portion of Missouri, where these soils are 
developed on loess. ” 

“The chernozem type of soils was found in the prairie soils of Canada and 
at Fargo, North Dakota. Some degraded chernozem was encountered in 
Iowa and Missouri. The southern type of chernozem was found in the form 
of a gray variation in central Kansas at Fort Hays. ” 

1 The nomenclature in parenthesis is original with Prof. Vilenskii. In general, however, 
the system of zonal distribution of soils dates back to Dokuchaev and Sibirtzev. J. S. Joffe. 

8 The reason for this peculiar distribution expounded by Vilenskii was explained by Dr. 
Marbut on several occasions while on the Soil Science Congress tour. J. S. Joffe. 
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“Typical chestnut soils 8 were not met, as we crossed that region by train 
at night.” 

Vilenskii points out that the majority of their delegates saw for the first time 
the subrropical soils. “There is no ground, as Glinka pointed out, to subdivide 
the yellow and red soils as distinct types of soil formation, as they are stages of 
the soil formation in one and the same subtropical zone. The yellow soil is an 
early stage of subtropical weathering and the red soil developing parallel with 
the yellow is a later stage. The representative types of this soil were found in 
Virginia, North Carolina, Georgia, and Tennessee. They are found even 
further north, in New Jersey and Pennsylvania.” 

“Because of the development of the yellow and red soils on several parent 
materials and because of variation in relief, these soils are very different in 
their color and other properties.” 

The reddish brown soils of California are a puzzle to Vilenskii. He says: 
“One may argue whether the red coloration is due to the soil-forming processes 
or whether it is a property of the soil-forming parent material.” And again: 
“Thus the red type of soil formation and the red soils of America are distributed 
under conditions of abundant precipitation in a continental climate of the 
eastern states, in the desert climate of the high plateau of the Rockies, and on 
the Pacific coast, irrespective, in the latter case, of the rainfall. It is therefore 
necessary to depart from the view that these soils are a product of ‘the moist 
tropical and subtropical climate.’ ” 

Finally Vilenskii touches upon the characteristic features of the salinized 
soils of America. He agrees in a way with Widtsoe (Yearbook of the U. S. 
Department of Agriculture, 1921) that “the great deposits of alkali and alkali- 
impregnated soils are associated with the geological history of the country. 
In early geological days salt lakes, similar to the Great Salt Lake, were no 
doubt formed which were dried by the changing climate leaving great masses 
of salt that were later covered by washings from the hills.” 

Vilenskii, who has studied alkali soils quite extensively, promises to treat 
the alkali soils of America in a separate paper. 

H. Prasolov 4 speaks highly of the work of the Bureau of Soils, especially 
the division of soil survey and mapping. He finds fault with the maps, which 
are difficult to read because of the poor selection of colors and the inconsistency 
of nomenclature of soils in the various sections of the country. “The maps are 
in part a sort of an agricultural land survey. They represent an arbitrary 
classification of soils based on the separation of ‘types’ according to their 
mechanical composition, and ‘series of types’ according to the sum of their 
properties, but in the limits of a given region. At present there are 240 series 
and 2900 types. In recent years Dr. Marbut and his associates have con- 

* These follow the southern type of chernozem in the Russian scheme of soil clas s ifi cation. 
J. S. Joffe. 

4 The section on Prasolov’s observations has been written up entirely by Antipov-Kara- 
taev and translated by Joffe. 
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structed a new system of classification based not on the sampling of accidental 
layers of soil, but on the study of the natural cuts and their genetic horizons.” 

Prasolov presents the proposed system of Marbut and compares it with the 
known Russian classification. The new system is as follows: 

1. Podzol group in the northwestern states. 

2. Jersey group of yellow and brown soils (the “brown earth” of Ramann). 

3. Red-brown soils of the south. 

4. Dark soils of the prairie in the central states (corresponding chiefly to the leached cher¬ 
nozem of Russia). 

5. The Dakota group-steppe soils (corresponding to the Russian southern chernozem). 

6. The group of the dry western steppe soils (corresponding to the chestnut soils found in 
southern Russia). 

7. Desert soils (corresponding to the grey soils of Turkestan). 

The author carefully presents the facts which justify the classification. 
First he explains the cause of the meridinal distribution of soil zones in America. 
It is the meridinal distribution of the mountains in the western part of North 
America and the absence of high mountains on the Atlantic coast that are 
responsible for the phenomenon observed. For this reason the eastern states 
represent temperate-humid and forest regions. As we go westward these 
regions change gradually first into the prairie region with a more pronounced 
continental type of a climate and then into the steppe and desert regions. The 
break takes place at the Rocky Mountains. The end of the desert region is 
located in the depression between the Rockies and the Sierras, The disturb¬ 
ance in the proper zonation is brought about by the influence of the warm gulf 
stream from the Gulf of Mexico, which runs alongside the southeastern coast 
of North America. The continentality of the southern climate is thereby 
obliterated. On the other hand, the cooling influence of the cold Laborador 
stream and of the Hudson Bay on the northwestern portion of the country is 
worth mentioning. These two reasons change the picture of the soil cover in 
the eastern portion of North America, placing the podzolized soils in the north¬ 
ern forest region, the “brown soils of Ramann,” somewhat to the south, and 
the red soils in the south. The same forces influence the prairie soils. 

Prasolov discusses the prairie soils quite extensively. In the neighborhood 
of Kansas City he found degraded chernozem, and 400 kilometers west of it, 
the so-called southern chernozem. The same type of soil was found in the 
southern portion of Canada. From there it extends south to the parallel 310 
north latitude in Texas. The author is reluctant to draw too close an analogy 
between the prairie soils and the Russian chernozem, considering that “the 
analogy to the prairie chernozem may perhaps be found in the region of the 
southern mountain steppe.” 

After enumerating several other local series of chernozem soils 6 as given by 

* Prasolov describes the chernozem soils in Iowa, which take in about ten series with an 
add reaction; the chernozem of Canada, which formed on a carbonate moraine; the chernozem 
which developed from rendrina; and the extreme members of the chernozems—the humid- 
meadow-humus soils with a carbonate horizon, near Winnipeg. 



RUSSIAN VIEW OF AMERICAN SOILS 


163 


the American scheme of classification, and describing their characteristic 
features, Prasolov stresses the importance of the problem of comparing the 
Russian and American classification. 

“West of the prairie the plain rises, the climate becomes more dry, salinizing 
processes appear, and the zone of chestnut soils is formed with the well-known 
flora of our southeast.” Prasolov goes on to describe the light chestnut, some¬ 
what salinized soils with the characteristic columnar structure in the horizon 
at a depth of 20-50 cm. “Further west, in the southern portion of California 
the grey soils may be noted; one may find there alkali soils with a lower com¬ 
pact marl layer.” 

Prasolov makes a point in noting the soils in the more humid belt of Cali¬ 
fornia where the Mediterranean type of climate prevails. There one may find 
the surface layers of the soil to be light brown and leached. Whenever these 
soils “formed either on the eluvium of the parent rock or on the ancient trans¬ 
ported deposits, the lower horizons attain a reddish tinge.” Similar soils may 
be found on the southern shore of Crimea. 

III. The paper of Tyurin on the soils of North America is based not only on 
observations of morphological characters of the soils, but also on some chemical 
analyses made on samples procured by the author. It is therefore a fitting 
supplement to the papers of Vilenskii and Prasolov. 

According to Tyurin the territory of the United States and the southern 
portion of Canada may be divided into three chief regions distributed in a 
meridianal direction. The climatic conditions, character of vegetation, and 
prevailing types of soil formation may serve as a basis for these broad divisions. 

“The eastern region represents a forest area, characterized by a humid cli¬ 
mate with soils that belong to the podzol type of soil formation. It includes 
the Coastal Plain, the Appalachians, and the adjacent region toward the west 
and northwest portion of the Mississippi basin. . . . 

“Next comes the plains region extending to the Rockies. This has been a 
grass country until settlements were established. The grass cover is richer in 
the eastern, more humid region (tall grass), than in the dry western region 
(short grass). This is the region of chernozem-like, chernozem, and chestnut 
soils which distribute themselves in a meridianal direction and which alternate 
as we go westward.” 

“The last region is that of the Rocky Mountains, characterized by a dry 
climate and by desert or semi-desert vegetation and soils.” 

Tyurin, like his colleagues, recognizes “that because of the peculiar rela¬ 
tions between temperature and rainfall in North America with respect to 
longitude and latitude, the soil-forming processes are influenced and each 
region may be subdivided into a series of belts not only in meridinal but also 
in latitudinal direction,” 

With the tentative classification of Dr. Marbut (see review of Prasolov's 
paper) as a basis, Tyurin presents data first on the New Jersey group. The 
eastern representatives of this group possess the characteristic features of the 
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podzolized type of soil formation. It differs from the true podzolized soils by 
its clearly expressed brownish or yellowish-brown coloration of the B horizon. 
Tyurin considers the western representatives of this group as genuine podozol- 
ized soils. These soils developed under mixed forests at an average yearly 
temperature of 12°C. and 1200 mm. of rainfall. 

Tyurin made the following determinations: hygroscopic moisture, humus, 
loss on ignition, chemically combined water, absorbed bases, and pH. 

The Sassafras series (N-E representative of the New Jersey group) take a 
position intermediate between the true podzolized soils and the red soils. 
They approach the red soils, inasmuch as they have an accumulation of the 
sesquioxides in the B horizon, as judged by the high amount of absorbed CaO 
(0.24 per cent) and MgO (0.02 per cent). The humus content drops from 
7.32 per cent in the Ai horizon to 0.27 per cent in the B horizon. 

The western representatives of soils do not differ from the podzolized soils 
in their humus content (5.84 per cent in Ai and 0.45 per cent in B), chemically 
combined water (1.38 per cent in Ai, 1.42 per cent in A 2 , and 3.36 per cent in B), 
and absorbed bases (0.041 per cent CaO and 0.014 per cent MgO in Aa; 0.4 
per cent CaO and 0.17 per cent MgO in B). These analyses are on the Miami 
series in Indiana. 

The southern representatives of this group present a peculiar problem. 
In a way, they are yellow soils as judged from the color of the A horizon, while 
they may be looked upon as red soils as judged by their B horizon. Tyurin 
concludes that it may become necessary to discard the term “yellow soil,” 
as it seems to be an intrazonal formation in the zone of the red soils, agreeing 
to call “red soils” those which have a red B horizon. 

The amalgamation of the yellow and red soils into one subgroup is in agree¬ 
ment with the scheme of Dr. Marbut for these soils. 

These soils, having the structural features of the podzolized soils, must be 
classified with them: the Ai horizon is shallow, 3-5 cm. deep with a slightly 
dark coloration of humus; A 2 is 15-20 cm. deep with a light-yellowish colora¬ 
tion, which gradually changes into an orange-red in the B horizon. These 
soils differ from the typical podzolized soils in that they have a low content of 
absorbed bases (0.006 per cent CaO and 0.003 per cent MgO in A; 0,01 per 
cent CaO and 0.003 per cent MgO in B), a low capacity for base exchange, and 
an unsaturated condition. The high content of chemically combined water in 
the B horizon (6.88 per cent) seems to be an indication of the destruction of 
the constituents to the point of the hydrates of the sesquioxides and to a de¬ 
crease in the degree of dispersion. 

The region of the plains is divided by Tyurin into three belts: 1. Prairie 
plain, 2. Chernozem, 3. High plain-chestnust soil. 

The author thinks that the prairie belt “reminds one of the forest steppe in 
the boundaries of the degraded chernozem.” Alongside the degraded cher¬ 
nozem type of soils the author found in this belt also some brown soil (Knox 
soil). Tyurin is inclined to place the Cherokee soils into a type which devel- 
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oped after having gone through some solonetz stages. The presence of amor¬ 
phous silica seems to substantiate his findings. Tyurin does not commit him¬ 
self about these soils, since his considerations are based on one analysis only. 

The northern portion of this belt contains more humus (7.88 per cent in 
the Clarion soils) than does the southern portion (3.05 per cent humus in the 
Marshal soil). Both soils are slightly acid and in both of them horizon B has 
an accumulation of the colloidal fraction which came down from the A hori¬ 
zon. The amount of absorbed bases and the chemically combined water in 
these soils bring them close to the degraded chernozem. 

The soils of this belt developed under conditions of grass vegetation with a 
moisture regime capable of supporting forests, which, however, were not 
apparent in this belt because of prairie fires, as pointed out by Shantz. 

The next belt—the chernozem—occupies a territory of 150-200 km. and 
traverses the states, beginning in central Texas, through Oklahoma, Kansas, 
Nebraska, western portion of South Dakota, North Dakota, Manitoba, Sas¬ 
katchewan, and Alberta. It stretches over a distance of 2000 km. from 
north to south. The temperature and rainfall in the northern portion being 
different from those in the southern, make the representative types of the soils 
also differ. As a representative of the southern group, Tyurin takes the soil 
at Fort Hays, Kansas, with 3.41 per cent of humus, 0.50 per cent absorbed CaO, 
and 0.066 per cent MgO in the A Horizon. The northern group as represented 
by the soils from Brandon, Manitoba, Saskatoon, and Edmonton have a higher 
humus content in the A horizon, namely 7.39 per cent, 7.38 per cent, and 16.03 
per cent respectively. 

The third belt extends from the second up to the Rockies with still less precip¬ 
itation and about the same temperature as in the chernozem belt. Analyses 
are presented of the soil from Tribue, Kansas. This soil, notwithstanding its 
Hghter color, contains about the same amount of humus—3.15 per cent—as the 
soil at Fort Hays, which belongs to the chernozem belt. At the Rockies the 
soils begin to resemble the type of brown soils. 

Tyurin considers the soils of the Rocky Mountains as soils of a typical 
mountain region with characteristic vertical zonation, and speaks but little of 
these soils. Not much is said about the soils west of the Rockies and no experi¬ 
mental data are presented. 

Tyurin sums up his report as follows: 

1. Because of the specific physico-geographical conditions of the North American continent 
the chief soil zones, which may be characterized by definite types of soil formation and which 
coincide with the chief zones of natural vegetation, are distributed in a longitudinal direction. 
This zonality of the first order is primarily the result of a corresponding distribution of at¬ 
mospheric precipitation on the territory of the continent. 

2. Within the borders of the zones of the first order, because of temperature differences 
from north to south, certain subzones in respect to the latitude may be noted; these may be 
considered as zones of the second order. They axe differentiated by various types of soil 
formation. 

3. In addition to the chief natural factors in soil formation—temperature and rainfall. 
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which determine these zones—there are local and sometimes more than local factors of soil 
formation which influence the soil in the same direction as temperature and rainfall. At 
times these factors influence the soil formation in the reverse direction thereby causing certain 
departures from the zonations indicated. Of these factors the most important are: the age 
of the soil, drainage conditions, the parent material, and the human factor. Examples of the 
significance of the first factors were noted on the red soil group, also on the northern portion 
of the chernozem belt. The presence of a special subzone, caused by the human factor, may 
be found in the chemozem-like soil of the eastern portion of the prairie. 

4. Summing up all the factors of soil formation and their territorial distribution, the 
North American continent presents many peculiarities as one attempts to compare it with 
the portion of Eurasia known to us. A more complete study of these peculiarities will offer 
a chance to develop that viewpoint in soil science which has as a basis the idea of geographic 
city of soils. 

The review of the papers by the three Russian investigators shows a marked 
similarity—with the exception of minor differences on the intrazonal soils—of 
opinion, which is based on the system of zonal divisions of soils. This fact seems 
to indicate that the genetic approach as laid down by Dokuchaev, is the proper 
method for the study of soils. 
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INTERNATIONAL ASSOCIATION OF FORESTRY EXPERIMENTAL 
STATIONS TO HOLD CONGRESS IN SWEDEN 

At the invitation of the Swedish Institute of Experimental Forestry, silvi¬ 
cultural research workers and representatives of the Forestry Experimental 
Stations will hold a congress in Stockholm at the College of Forestry from 
July 22 to July 27,1929. 

The preliminary program lists the following subjects for discussions: 

Reorganization of the International Association of Forestry Experimental Stations and 
the adoption of rules whereby it shall be governed. 

Arrangement for an international bibliography of forestry. 

Discussion on the question of the standardization of measuring methods and the in¬ 
vestigation of experimental plots. 

Discussion on methods and terminology in the sphere of forestry soil science. 

Addresses describing the progress of silvicultural research. 

During the congress and for a week preceding and a week following it, 
excursions will be conducted to different forest regions in Sweden. 

The International Association of Forestry Experimental Stations was 
founded in 1891 for the purpose of discussing at international meetings and 
conferences questions of importance to the work of forestry research, of facili¬ 
tating the scientific exchange of ideas between the different institutes, and, 
wherever possible, of working out standard methods for the carrying out of 
forestry investigations. The Stockholm congress will be the seventh meeting 
of the association. 

Persons planning to attend the congress are requested to notify Arvid 
Lindman, Chairman of the Board of Governors, or Henrik Hesselman, Direc¬ 
tor of the Swedish Institute of Experimental Forestry, and to submit further 
proposals regarding subjects of discussion, at the same time mentioning any 
addresses which they may desire to give during the congress. 

Enquiries and other communications concerning the congress should be 
addressed to Statens skogsforsoksanstalt, Experimentalfaltet, Sweden. 
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workers as long as the supply lasts. 

If, after testing, Cal-Nitro proves to 
have points of superiority over existing 
nitrogen fertilizers, it can be made avail¬ 
able at a cost comparing favorably with 
present sources of nitrogen. 

“Nitrogen’’ Periodical on Request. 

If you are not now receiving our periodical 
“Nitrogen ” we will gladly send it to you 
regularly on request . “ Nitrogen ” gives 
timely news about nitrogen fertilization — 
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SOIL SCIENCE 



Ammo-Pbos-Ko foi' Potatoes 

A MMO-Phos-Ko, high analysis fertilizer, was 
successfully demonstrated on potatoes in 
JL V. 1928 in Prince Edward Island. 


Eleven practical farm demonstrations were 
conducted, comparing on an equal plant food 
basis from 1300 to 1800 lbs. per acre of 
regular potato mixture with 650 to 900 lbs. per 
acre of Ammo-Phos-Ko. Yields were secured on 
ten of the eleven demonstrations. 


Yield Marketable Potatoes* 



(*) Potatoes over three ounces classified as marketable. 
Proportion unmarketable—figures based on aggre¬ 
gate yield all tests: Ammo-Phos-Ko, 10.5%; regular 
fertilizer, 11.9%. 

(**)Names and addresses of cooperators sent on request. 

AMERICAN CYANAMID COMPANY 
535 FIFTH AVENUE NEW YORK 



(In writing to advertisers, please mention the journal—It helps,) 




































RELATION OF TEMPERATURE TO THE AMOUNT OF NITROGEN 

IN SOILS 

HANS JENNY 
University of Missouri 
Received for publication December 8,1928 

INTRODITCTION 

In an earlier paper (9) it was shown that in semi-arid and semi-humid regions 
of the United States, the average nitrogen content of the soil increases two to 
three times for each 10°C. fall in mean annual temperature. This result agreed 
with a formula which was developed from the assumption that organic matter 
produced by vegetation and its destruction by microorganisms is primarily 
determined by climatic conditions. After a simple S-shaped curve is assumed 
for the decomposition process in respect to temperature, and when only soils of 
similar humidity and similar natural vegetation are considered, the equation 
takes the form: 


N 


4 I m 

1 + e 


U) 


where N represents the total nitrogen content of the soil in per cent, t the 
mean annual temperature, and a, k , constants. 

Further material has been collected to support the results already secured. 
Five new curves are discussed in this paper; namely, curves for humid prairie 
and humid timber soils, and also curves for semi-humid prairie, terrace, and 
bottom land soils. 

The nitrogen-temperature curves of these soil groups can all be described by 
the foregoing formula. In spite of this agreement, however, equation (A) 
represents no more than a first approximation of the true law. It may be con¬ 
sidered as a working hypothesis leading to interesting and important practical 
results. Greater knowledge of the decomposition of organic matter with 
respect to temperature is needed and more soil analyses from northern latitudes 
should be secured in order to determine the absolute validity of the equation. 

HISTORICAL 

Few investigators have published definite statements concerning functional 
relationships of climate and soil nitrogen or soil organic matter. Of course, 
numerous scientists have assumed a climatic influence and supported their 
views with more or less convincing figures, obtained mostly from limited dis¬ 
tricts. Scientists who are working in regions of extreme climatic conditions, 
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for instance, in semi-deserts, tropics, the frigid zones, and high altitudes, are 
most interested in these quantitative relationships, since in these regions organic 
matter occurs either in excessive or deficient amounts, thus attracting particu¬ 
lar attention. 

Sievers and Holtz (28), on analyzing the soils in Washington, demonstrated 
that the total nitrogen content of the soil increases with altitude. They attrib¬ 
uted this increase to the greater rainfall prevailing in the higher regions. Of 
much sig nifican ce is J. C. Russell’s (26) experimental curve for the prairie soils 
of Nebraska, which shows that the average nitrogen content increases loga¬ 
rithmically with increasing rainfall. Fortunately in this investigation tempera¬ 
ture was kept nearly constant, although not intentionally so. DeTurk (2), 
summarizing a nitrogen survey of Illinois soils, expresses the idea that the 
low nitrogen content of the soils in the southern part of the state is due to the 
more favorable conditions for decomposition, such as higher temperature and 
rainfall. Attention should also be called to R. Lang’s (12) deductions, although 
no data are given. 

Very suggestive and directly related to this subject is the instructive paper 
of Senstius (27) who discusses the humus-temperature function in the tropical 
regions of Java. 1 Senstius, modifying a diagram of Mohr, also assumes an 
S-shaped curve for the destruction of organic matter. However, he combines 
regions of various types of vegetation thus complicating the mathematical 
treatment of the problem. He states with Mohr, as quoted from E. J. Russell 
(25); “Where the soil temperature is below 20°C., organic matter accumulates, 
being formed faster than it is decomposed; in the lowlands where the soil tem¬ 
perature exceeds30°C., the decomposition of organicmatterproceedsfaster than 
its formation by vegetation, consequently there is no humus. At about 25°C. 
the soil humus remains constant.” In high altitudes where the annual 
temperature is below 0°C. the microbiological activity is delayed and the 
surface soils contain from 20-30 per cent organic matter, in spite of the 
sparce vegetation (8). 


SEMI-HUMID TERRACE SOUS 

Semi-humid soils are characterized by the humidity factors 2 280-380, the lim¬ 
its being, of course, somewhat arbitrarily fixed. One could also choose the 
annua l precipitation-evaporation ratios of Transeau (13), but preference is 
given to the humidity factor, the application of which is not restricted to the 
United States alone. 

The terracs, often styled “second bottoms” and “bench” lands, include old 
flood plains which now stand largely above the influence of overflow, the streams 
having cut their channels to lower levels. In their height above the first 
bottoms the terraces vary from a few feet to several hundred feet. There is 

1 This paper was not known to the author in 1927. 

* Precipitation divided by saturation deficit of air (15), 
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often a series of distinct terraces arranged, one above another in step-like suc¬ 
cession. The original vegetation consists mainly of timber. Figure 1 illus- 
strates such conditions in Missouri. 

The stream terraces are made up of alluvial material, consisting of deposits 
washed from slopes and uplands and deposited down stream by overflow 
waters. The source of this material is very heterogeneous, including wash 
from loessial, glacial, and a variety of residual soils, both timber and prairie. 
About 22 different soil series have been included, representing the states of 
Iowa (7), Missouri (19), and Arkansas (21). 


Wo> ftafck'j _ . Asttm q f myia 



Fig. 1. Schematic Arrangement of Flood Plain, Terrace, and Upland 


The procedure of calculating the average nitrogen content of the terrace silt 
loam soils of a county is illustrated by the following example: 


Black Hawk County, Iowa. Temperature 46.6°F. Humidity factor about 368 


SOIL TQPE 

PERCENT 
OF COUNTY 
AREA 

N 

AREA XN 

AVERAGE N 

Waukesha silt loam.. 

■■ 

per cent 

0.195 

■ 

per cent 

0.7831 

Bremer silt loam... 

mam 

0.242 

mu 

3.9 

0.201%N 

Calhoun silt loam.. 

0.1 

0.139 

EH 


Total. 

3.9 


0.7831 1 






These county values (units) were classified according to their mean annual tem¬ 
perature class intervals of 2°F. being used. The mean nitrogen values of the 
various temperature classes were then plotted against the temperature mid¬ 
points of the classes and a curve was smoothed with the method of least squares, 
using the reciprocal mean errors as weights. The constant a was found by try¬ 
outs and then k was algebraically computed. The final formula has the 
expression: 


N m 
Terrace 1 + e 


1.80 


0.069 0 1 - 18.80) 


(5) 


where N represents average nitrogen content of the soil in per cent and t the 
annual temperature F°. Observed and calculated values are summarized in 
tablel and the graph is given in figure 2. 

Also for terrace soils the N-T relation 8 is remarkably exponential. One 


1 Abbreviation of nitrogen-temperature relation. 
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wonders whether the unif ormity in the distribution of nitrogen is entirely due 
to temperature or whether the nature of terrace soils consisting of outwash of 
surrounding upland soils which themselves show the N-T relation did not help 
to pronounce the relationship. 

SEMI-HUMID BOTTOM LAND SOILS 

The bottom land soils occur along the banks of the streams in continuous 
and interrupted strips varying from a few feet wide along the minor drainage 
courses to broad bottoms several miles wide. The broadest strip of strictly 


TABLE 1 

Nitrogen-temperature relation in semi-humid terrace soils (silt loams) 
Humidity factors 280-380 


KEAN ANNUAL 
TEMPERATURE 

STATE 

NUMBER 

OP 

COUNTIES 

(UNITS) 

NUMBER 

OP 

NITROGEN 

VALUES 

AVERAGE NITROGEN 
CONTENT 

CALCU¬ 

LATED 

VALUE 

DEVIATION 

*F. 

°C. 




percent 


mm 

44.0 

6.67 

Iowa 

7 

9 

0.322 ±0.056 

mm 


46.0 

7.78 

Iowa 

2 

4 

0.249 ±0.049 

■sn 

E£MJ 

48.0 

8.89 

Iowa 

17 

41 

o.m ± 0.007 

0.212 

xl 

50.0 

lo.ooj 

Iowa 

Missouri 

} 9 

20 

0.181 ±0.011 

0.187 

-0.006 

52.0 

ll.ljj 

Iowa 

Missouri 

} 5 

7 

0.160 ±0.020 

0.165 

-0.005 

54.0 

12.22 

Missouri 

5 

8 

0.113 ±0.013 

0.146 

-0.033 

56.0 

13.33 

Missouri 

7 

17 

0.095 ±0.015 

0.128 

-0.033 

58.0 

14.14 

Missouri 

3 

8 

0.109 ±0.003 

0.113 

-0.004 

62.0 

16.67 

Arkansas 

4 


0.105 ±0.009 

0.087 

+0.018 

64.0 

17.78 

Arkansas 

2 


0.072 ±0.003 


-0.004 

Temperature 

Total 

Total 

Total 

Nitrogen range 

Constants 

range 






a « 

1.80 

20.0 

11.11 

3 

61 

120 

0.322 to 0.072% 

k * 

0.069 


alluvial land is along the Mississippi River near its confluence with the Arkan¬ 
sas River where the bottoms range from 75 to 100 miles wide. These first 
bottoms are subject to submergence by overflow waters. The surface is 
do min antly flat and level. Natural vegetation consists predominantly of 
timber with some meadows and swamps. 

The source of all the material entering into the composition of alluvial soils 
cannot be precisely determined in all cases, but generally speaking, it consists of 
wash from loessial, glacial, residual, and terrace soils. The bottom land soils 
are imma ture because they are being added to by each overflow and also because 
the time between overflows is insufficient for and the conditions unfavorable to 
the advancement of those processes of weathering which have brought about 
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the different characteristics obtaining in older, better drained, normal soils. 
Oxidation has usually been inhibited by poor drainage (14). 

Bottom land soils including 21 series in Iowa (7), Missouri (19), and Arkan¬ 
sas (21), were investigated. The same methods of arranging and computing 
the data were followed as in the case of terrace soils. Numerical information is 
given in table 3, graphic representation in figure 2. The equation has the form: 

1.60 

BotL 1 + e o-°« o-nm (C) 



Fig. 2. Nitrogen-Temperature Relation in Semthumeo Bottom Land Sons (Upper 
Curve) and Terrace Soils (Lower Curve) por Sax Loams 

The curves of bottom land and terrace soils run nearly parallel, the former 
lying above the latter. The difference, however, is not important enough to 
indicate that bottom silt loams contain on the average more nitrogen than the 
terrace silt loams. The same similarity is observed for the carbon-nitrogen 
ratio, indicating that in both groups organic matter is equally well decomposed 
(table 2). 
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HUMID PRAIRIE AND TIMBER SOILS 

East of the Mississippi River the precipitation-evaporation ratio increases 
slowly. The semi-h umi d region grades into the humid region. The part of 
humid region investigated includes southern Wisconsin, Illinois, western Ken- 
tucky, western Tennesee, and Mississippi. It is characterized by the humid- 


TABLE 2 

Carbon-nitrogen ratio in terrace and bottom soils of Iowa 


TEMPERATURE 

TERRACE SOUS (31 VALUES) 

BOTTOM SOILS (31 VALUES) 

C P. 

°C. 



44.0 

6.67 

11.97 ±0.286 

12.60 ±0.305 

46.0 

7.78 

11.90 ±0.200 

11.87 ±0.437 

48.0 

8.89 

12.06 ±0.240 

12.33 ±0.348 

50.0 

10.00 

12.40 =£ 0.235 

11.88 ±0.463 

Average. 

12.33 ±Q,484 

12.17 ±0.787 


TABLE 3 

Nitrogen-temperature relation in semi-humid bottom land soils (silt loams) 
Humidity factors 280-380 


MEAN ANNUAL 
TTrMTnr.it atttptc 

STATE 


NUMBER 

OF 

NITROGEN 

VALUES 

AVERAGE NITROGEN 
CONTENT 


DEVIATION 

°F. 

°C. 




percent 


■ 

44.0 


Iowa 

7 

9 

0.327 ±0.040 


+0.035 

46.0 

7.78 

Iowa 

2 

2 

0.310 ±0.019 


+0.052 

48.0 

8.89 

t 

Iowa 

14 

20 

0.218 ±0.020 

■Km 

-0.009 

50.0 


Iowa 

Missouri 

9 

16 

0.200 ±0.012 

0,199 

+0.001 

52.0 

ll.llj 

Iowa 

Missouri 

} 9 

22 

0.202 ±0.016 

0.175 

+0.027 

54.0 

12.22 

Missouri 

12 

24 

0.150 ±0.010 

0.152 

-0.002 

56.0 

13.33 

Missouri 


16 

0.109 ±0.008 

0.133 

-0.024 

58.0 

14.44 

Missouri 

4 

11 

0.131 ±0.010 

0.116 


60.0 j 

15.56 

Arkansas 

3 


0.106 ±0.010 

0.101 


62.0 

16.67 

Arkansas 

2 


0.092 ±0.015 

0.087 


Temperature 

Total 

Total 

Total 

Nitrogen range 

Constants 

range 






a =* 

1.60 

18.0 


3 

73 

133 

0.327 to 0.092% 

k - 

0.075 


ity factors 300-420. The natural vegetation consists partly of timber and 
partly of prairie. Only upland soils, particularly silt loam soils, were studied. 
Fortunately the soil surveys of Wisconsin (32), Illinois (6), and Mississippi (5), 
separate dearly the prairie and timber soils in the classification, thus permitting 
the construction of two distinct curves for the entire region. As in the fore going 
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examples the nitrogen values were arranged and computed. Figure 3, and 
tables 4 and 5 give the essential features. The equations have the form: 


N 


1.60 


Humid prairie 1 g 0 ' 056 (< — 18.2°) 


N 


1.00 


Humid timber 1 -f- e 


0.062 {< -18.20) 


(O) 

(£) 



Itei 3. Nitrogen-Temperature Relation in Humid Prairie (Upper Curve) and Humid 
Timber Soils (Lower Curve) for Silt Loams 

The nitrogen content of both prairie and timber soils decreases exponentially 
with increasing temperature, although this is less pronounced in the case of the 
timber curve. The well-known superiority of the prairie soils over the timber 
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soils is r ema rkably manifested for nitrogen in the entire region. The exact 
cause of this difference in nitrogen cannot be determined from the present data, 
since it is not known how much organic matter is produced by the forests of 
that region. The constants a in the equations (1.60,1.00), which stand for the 

TABLE 4 

Nitrogen-temperature relation in humid prairie soils (silt loams) 


Humidity factors 300-420 


MEAN ANNUAL 

STATE 

NUMBER 

or 

COUNTIES 

(units) 

NUMBER 

OF 

NITROGEN 

VALUES 

AVERAGE NITROGEN 
CONTENT 

CALCU¬ 

LATED 

VALUE 

DEVIATION 

•F. 

44.0 

•c. 

6.67 

Wisconsin 


6 

percent 

0.304 ±0,028 

0.305 

-0.001 

46.0 

7.78j 

Wisconsin 

Illinois 

H 

11 

0.256 ±0.011 

0.287 

-0.031 

48.0 

8.89 

Illinois 

II 

9 

0.285 ±0.016 

0.254 

+0.031 



Illinois 

WM 

12 

0.252 4-0.009 

0.231 

+0.021 

52.0 

11.11 

Illinois 

8 


0.228 ±0.008 

0.210 

+0.018 

54.0 

12.22 

Illinois 

5 


0.164 ±p.012 

0.190 

-0.026 

56.0 

13.33 

Illinois 

2 


0.158 ±0.020 

0.172 

BM 

62.0 

16.67 

Mississippi 

5 

16 

0.125 ±0.016 

0.127 

Bffii 


17.78 

Mississippi 

6 

19 

0.105 ±0.008 

0.114 

-0.009 

Temperature 

Total 

Total 

Total 

Nitrogen range 

Constants 

range 

20.0 

11.U 

4 

52 

93 

0.304 to 0.105% 

a ** 1.60 
k = 0.056 


TABLE 5 


Carbon-nitrogen ratio in prairie and timber soils of IUinois (silt loams) 


TEMPERATURE 

PRAIRIE SOUS (33 VALUES) 

TIMBER SOUS (32 VALUES) 

°F. 

8 C. 



48.0 

8.89 

11.36 +0.315 

11.56 ±0.581 

50.0 

10.00 

12.33 ±0.207 

11.21 ±0.258 

52.0 

11.11 

11.79 *0.229 

11.03 ±0.272 

54.0 

12.22 

10.83 ±0.693 

11.10 ±0.203 

Average. 

11.58 ±0.821 

11.23 ±0.721 


nitrogen content of the vegetation, suggest that the low nitrogen content of the 
timber might be partly responsible. It is also possible that the higher moisture 
content of the timber soils stimulates the decay of organic matter (4). The 
average carbon-nitrogen ratio is the same for both groups, as is illustrated in 
table 5. 
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NITROGEN-TEMPERATURE RELATION IN THE ELAT PRAIRIE SOILS OF 

MISSOURI 

The question may arise as to how large an area must be considered in order to 
find a nitrogen-temperature relationship. Generally it can be answered that 
the narrower the annual isothermus run, the smaller the area that may lend 
itself to such studies. 



FIg. 4. Location op Flat Prairie Soils in Missouri and Annual Isoth e rms in Degrees 
Fahrenheit (S0°F. - 10.00°C. and 57°F, - 13.89°C.) 

To give a definite answer, the flat prairie soils of Missouri were selected, be¬ 
cause they offer a minimum of variation in soil texture, profile, topography, 
drainage, vegetation, and humidity. The location of these prairie soils, includ¬ 
ing the soil types Putnam silt loam, Oswego silt loam, and Cherokee silt loam, is 
shown in figure 4. The area covered has a length from north to south (south¬ 
ern Iowa to southern Missouri) of about 280 miles and an annual temperature 
range of about 7°F. or about 4°C. (16). Climatic data of surrounding stations 
are given in table 7. The average nitrogen values for each county are given in 
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ta hfr 8, the graph in figure 5. With so narrow a temperature range it is safe 
to gggnrap tha t the nitrogen-temperature relation can be represented by a 
straight line. After forming temperature classes with intervals of 2°F. and 


TABLE 6 

Nitrogen-temperature relation in humid timber soils (silt loams') 
Humidity factors 300-420 


MEAN ANNUAL 
TEMPERATURE 

STATE 

NUMBER 

OP 

COUNTIES 

(UNITS) 

NUMBER 

OP 

NITROGEN 

VALUES 

AVERAGE NITROGEN 
CONTENT 

CALCU¬ 

LATED 

VALUE 

DEVIATION 

°F. 

44.0 

*C. 

6.67 

Wisconsin 

3 

13 

percent 

0.124 ±0.010 

0.168 

-0.044 

46.0 

7.78j 

Wisconsin 

Illinois 

, 

33 

0.135 ±0.008 

0.151 

-0.016 

48.0 

8.89 

Illinois 

9 

9 

0.130 ±0.007 

0.136 

-0.006 

50.0 


Illinois 


14 

0.124 ±0.005 

0.122 

+0.002 

52.0 

11.11 

Illinois 

8 

mm 

0.110 ±0.013 

0.110 

± 0.000 

54.0 

12.22 

Illinois 

5 

■9 

0.099 ±0.007 

0.098 

+0.001 

56.0 

13.33| 

Illinois 

Kentucky 

} 4 

9 

0.102 ±0.007 

0,088 

+0.014 

58.0 

14.44i 

Illinois 

Kentucky 

, 

15 

0.100 ±0.009 

0.080 

+0.020 

60.0 

l 

15.56j 

Tennessee 

Tennessee 

Mississippi 

5 

14 

0.074 ±0.008 

0.069 

+0.005 

62.0 

16.67 

Mississippi 

j 

5 

12 

0.057 ±0.006 

0.062 

-0.005 

64.0 

17.78 

Mississippi 

7 

20 

0.051 ±0.003 

0.055 

-0.004 

66.0 

18.89 

Mississippi 

3 

20 

0.056 ±0.012 

0.051 

+0,005 

Temperature 

Total 

Total 

Total 

Nitrogen range 

Constants 

range 

22.0 

1 12.22 

5 

75 

185 

0.135 to 0.051% 

8 11 

1,00 

0.062 


TABLE 7 

Climatological data of stations surrounding the Missouri fldt prairie soils 


STATION 

ALTITUDE 

MEAN ANNUAL 
TEMPERATURE 

HUMIDITY 

PACTOR 


feet 

meters 

°F. 

V. 


Keokuk, Iowa. 

614 

187 

52.3 

11.28 

336 

St. Joseph, Mo. 

967 

294 


12.22 

261 

Columbia, Mo. 

784 

239 

54.5 


354 

Kansas City, Mo. 

963 

293 

54.8 

12.67 

276 

Springfield, Mo. 

1,224 

344 

55.6 

13.11 

352 

St. Louis, Mo. 

567 

173 

56.0 

13.33 

291 


nitrogen classes with intervals of 0.02 per cent N, a correlation coefficient (r) of 
—0,77 can be computed. It expresses the degree to which the two variables, 
nitrogen and temperature, tend to be associated. Perfect correlation would 
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give a value of —1.00; no correlation, a value of zero. With the aid of the 
correlation coefficient the line of best fit can easily be calculated. It has the 
form: 

N - - 0.0131 fl + 0.8522 

where N represents the average nitrogen content of the soil in per cent and t 
the mean annual temperature in °F. (49°F.-57°F.). 

Summarizing we may state that the 2V -T relation can be dearly demonstrated 
within a region as small as that covered by the fiat prairie soils of Missouri. 


table s 

Nitrogen temperature relation in the flat prairie soils of Missouri 
Humidity factors 261-354 


MEANT ANNUAL 
temperature 

COUNTY 

NUMBER 

OP 

NITROGEN 

VALUES 

AVERAGE 

TOTAL 

NITROGEN 

CONTENT 

SOIL TYPE 

49 

■c. 

9.44 

Wapello, la. 

1 

percent 

0.222 

Putnam silt loam 

51 

10.56 

Clark, Mo. 

1 

0.158 

Putnam-like Grundy 

52 

11.11 

Knox, Mo. 

4 

0.178 

Putnam silt loam 

52 

11.11 

Harrison, Mo. 

3 

0.206 

Putnam silt loam 

52.3 

1 11.28 

Lee, Iowa 

1 

0.177 

Putnam silt loam 

53 

11.67 

Rolls, Mo. 

3 

0.119 

Putnam silt loam 

53 

11.67 

Shelby, Mo. 

8 

0.169 

Putnam alt loam 

53.4 

11.89 

Cass, Mo. 

1 

0.133 

Oswego silt loam 

53.5 

11.94 

Marion, Mo. 

10 

0.145 

Putnam silt loam 

53.5 

11.94 

Macon, Mo. 

9 

0.157 

Putnam silt loam 

53.5 

11.94 

Pike, Mo. 

1 

0.135 

Putnam silt loam 

53.7 

12.06 

Audrien, Mo. 

4 

0.142 

Putnam alt loam 

54.4 

12.44 

Pettis, Mo. 

6 

0.152 

Oswego silt loam 

54.5 

12.50 

Boone, Mo. 

1 

0.118 

Putnam silt loam 

54.9 

12.72 

Callaway, Mo. 

3 

0.155 

Putnam silt loam 

55 

12.78 

Johnson, Mo. 

2 

0.161 

Oswego silt loam 

55.6 

13.06 

Henry, Mo. 

8 

0.121 

Cherokee silt loam 

56.4 

13.56 

Barton, Mo. 

1 

0.100 

Cherokee silt loam 

57.2 

14.00 

Newton, Mo. 

1 

0.122 

Cherokee silt loam 


The carbon-nitrogen ratio 

Equation A for nitrogen should hold as well for oganic matter expressed as 
total organic carbon. One has only to put C in the place of N in the formula and 
adjust the constants. The approximate amount of organic carbon can be 
found by multiplying the percentage of nitrogen by 10, which is based upon the 
fact that in temperate regions the carbon-nitrogen ratio in the soil is about 
10 (31). This ratio seems to vary somewhat with temperature, since it is wider 
in the north than in the south, as shown in table 9 and figure 6. Because of the 
limited amount of data, both the semi-arid and semi-humid regions were 
induded (3, 7, 10, 26, 29). 
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The functional change of the C/N ratio seems to support the general charac¬ 
ter of equation A, which demands that under low temperatures the nitrogen 
content of the soil approaches the nitrogen content of the vegetation (constant 
a) and consequently, the C/N ratio of the soil tends to become as wide as that of 
the undecomposed organic material. 



Fig. 5. Nitrogen-Temperatube Relation or the Flat Psaibie Soils or Missouri 

DISCUSSION 

Temperature 

Whether the nitrogen temperature equation is expressed in units Fahrenheit 
or Centigrade or in absolute units starting with -273°C., does not matter, as 
they ran easily be converted. More important is the choice of the meteorologi¬ 
cal unit, since no soil temperatures are available. Shall the nitrogen rontont be 
related to the annual temperature, to the number of months or days having 
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temperatures above the freezing point, or to some other criterion of the heat 
effect, such as frost, free season, or daily temperature summations? 

TABLE 9 


Carbon-nitrogen ratio and temperature (loams and silt loams) 


TEMPERATURE 

STATE 

C/N 

NUMBER OT VALUES 
(COUNTIES) 

*F. 

X. 




35.0 

1.67 

Saskatchewan 

13.25 ±0.555 

6 



(Canada) 



44.0 

6.67 

Iowa 

12.21 ±0.210 

10 

46.0 

7.78 

Iowa 

12.30 ±0.122 

4 

48.0 

8.89 

Iowa 

11.85 ±0.191 

% 

19 

50.0 

10.00 | 

Iowa 

Nebraska 

112.11 ±0.136 

14 

52.0 

11.11 

Nebraska 

11.90 ±0.383 

4 

54.0 

12.22 | 

Nebraska 

Kansas 

111.15 ±0.470 

6 

57.0 

13.89 

Kansas 

10.30 ±0.681 

3 

68.0 

20.00 

Texas 

9.1 

76 


Q -N 



io* W 0 50° 


fe0° tomp. F.* 


Fig. 6. Carbon-Nitrogen Ratio and Temperature in Grassland Soils 
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The mean annual temperature was chosen because it is the easiest value to 
obtain from meteorological stations (30). Its use, however, is restricted to 
regions having similar marches of annual temperatures. That this is the case 
in the states investigated is shown by figure 7, where the annual march of 
temperature in the latitudes 29° to 49° is illustrated (Kincer). 

The deviation of the nitrogen values 

The dots in the various N-T diagrams represent averages of their respective 
temperature classes. The question naturally arises as to how widely the single 
values are scattered about the average. Are these class-means reliable enough 
to be put in a function of temperature? Information is obtained from the mean 
error (or probable error, which is 0.6745 times the mean error) for the class- 



Fig. 7. Annual March of Temperature of the Investigated Regions (After Kincer) 


averages, and from the correlation-ratio for the deviation of the values about 
the curve. The mean error was calculated according to the common formula: 


n(n - 1) 

where m represents mean error, n total number of values, and Sz? the sum of the 
squares of the numbers formed by subtracting each value from the arithmetical 
mean of the whole class. 

As an index of the deviation of the single nitrogen values (county units) about 
the curve, the correlation ratio was chosen (18). It measures the degree of 
relationship between the single nitrogen values and the corresponding tempera¬ 
ture in so far as this relationship may be described by a curve passing thr ough 
the mean of every temperature class. If the relationship is ideal, if there is no 






TEMPERATURE AND SOIL NITROGEN 


183 


scatter about the curve fitted in this way, rj will have a value of 1. If there is 
no relationship, if the scatter about the curve is as great as the dispersion about 
the mean of all nitrogen values, t\ will have a value of zero* The formula used 
is 



TABLE 10 

Correlation-ratio of the various soil regions 


CURVE 

V 

Semi-arid region, grassland. 

0.91 

Semi-humid upland soils (predominating prairie).... 

0.90 

Semi humid terrace soils (predominating timber). 

0.78 

Semi-humid bottom soils (timber). 

0.78 

Humid upland soils (prairie). 

0.89 

Humid upland soils (timber). 

0.84 

Flat prairie soils of Missouri. 

0.77 



TABLE 11 

Nitrogen-temperature rdation in the semi-arid region 


Humidity factors 125-250 


MEAN ANNUAL 
TEMPERATURE 

STATE 

1 NUMBER 
OP 

COUNTIES 

(UNITS) 

NUMBER 
| OP 

NITROGEN 
VALUES 

AVERAGE NITROGEN 
CONTENT 



°F. 

32° 

■c\ 

0.0 

Canada 


10 

per cent 

0.4P 

0.344 

+0.096 

36 

2.22j 

Canada 

N. Dakota 

fl 

30 

0.295 ±0.050 

0.297 

—0.002 

38 

3.33 

N. Dakota 

4 

5 

0.291 ±0.032 

0.276 

+0.015 

40 

4.44 

N. Dakota 

5 

12 

0.244 ±0.015 

0.256 

-0.012 

42 

5.56 

N. Dakota 

i 

1 

0.21> 

0.237 

-0.027 

48 

8.89 

Nebraska 

2 

17 

0.199 ±0.0077 

0.187 

+0.012 

50 

10.00 

Nebraska 

! 7 

28 

0.192 ±0.012 

0.172 

+0.020 

55 

12.78 

Kansas 

6 

47 

0.152 ±0.022 

0.140 

+0.012 

58 

14.44 

Texas 

12 

32 

0.100 ±0.0065 

0.124 

-0.024 

60 

15.56 

Texas 


i 8 

0.081 ±0.022 

0.114 

-0.033 

64 

17.78 

Texas 


27 

0.085 ±0.012 

0.096 

-0.011 

66 

18.89 

Texas 


40 

0.112 ±0.010 

0.088 

+0.024 

68 

20.00 

Texas 


25 

0.063 d;0.0091 

0.081 

-0.018 

70 

21.11 

Texas 

13 

48 

0.075 ±0.0076 

0.075 

-0.000 

12 

22.22 

Texas 

5 

18 

0.075 ±0.0040 

0.068 

+0.007 

Temperature 

Total 

Total 

Total 

Range 

a «= 

1.70 

range 

40° | 22.22° 

5 

71 

348 

0.44 to 0.063% 

k - 

0.045 


° Temperature estimated. 

* Not used in calculating the constants. 
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Where tj represents correlation ratio, <tkt the standard deviation of all single 
nitrogen values about a line passing through the mean of the various tempera¬ 
ture classes, and <r^ the standard deviation of all single nitrogen values about 
their arithmetical average. This correlation ratio of the various soil regions 
is listed in table 10. Generally speaking, the correlation ratio is about 0.85, 
indicating that a nitrogen-temperature relation is pronounced. 

The deviation of nitrogen values may be due to errors in sampling (variations 
in depth) or to factors which hasten or delay the decomposition process in the 



Fig. 8. Average Total Nitrogen Content of the Son, as Related to the Mean Annual 
Temperature in the Semi-Arid Region 

field above or below “normal.” Such factors are physical and chemical proper¬ 
ties of the soil, age, topography, geological origin, soil climate, vegetation, and 
cultivation. 


Nitrogen turn-over 

Virgin prairie soils have a nitrogen content of about 20 to 40 per cent higher 
than that of cultivated prairie soils which have been cropped for 30 to 40 years. 
A simultaneous decrease of fertility is demonstrated by the rapidly decreasing 
yields of untreated experiment plots. 

Often the idea is expressed that nitrogen and organic matter should be 
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restored by adding sufficient amounts of green manure and stable manure. In 
several publications a nitrogen content of 0.250 to 0.300 per cent nitrogen is 
given as a desirable value for a fertile soil. This figure corresponds to the nitro¬ 
gen content of Minnesota, Iowa, and northern Illinois prairie soils. 


TABLE 12 

Nitrogen-temperature relation in the semi-humid region (upland soils) 
Humidity factors 280-380 


MEAN ANNUAL 
TEMPERATURE 

STATE 

NUMBER 

OP 

COUNTIES 

(UNITS) 

NUMBER 

OP 

NITROGEN 

VALUES 

AVERAGE NITROGEN 
CONTENT 

CALCU¬ 

LATED 

VALUE 

DEVIATION 

0 F. 

°C\ 




per cent 

mm 


32* 

34 

0.00 

1.11 

Canada 

Canada 


16 

0.475 b 

H 

+0.020 

-0.021 

1 

17 

0.393 ±0.023 

36 

2.22 

N. Dakota 

7 

20 

0.341 ±0.017 

0.376 

-0.035 

38 

3.33 

N. Dakota 

4 • 

6 

0.341 ±0.083* 

0.340 

+0.001 

40 

4.44 

N. Dakota 

10 

32 

0.295 ±0.017 

0.307 

-0.012 

42 

5.56 

Minnesota 

7 

17 

0.273 ±0.018 

0.276 

+0.003 

44 

6.67 

Minnesota 

16 

44 

0.266 ±0.012 

0.248 

+0.018 

46 

7.7s| 

Minnesota 

Iowa 

11 

23 

0.266 ±0.014 

0.222 

+0.044 

48 

8.89 

lo.ooj 

Iowa 

9 

26 

0.210 ±0.014 

0.198 

-0.012 

50 

Iowa 

Missouri 

} 21 

54 

0.172 ±0.0050 

0.177 

-0.005 

52 

11.llj 

Iowa 

Missouri 

}“ 

60 

0.168 ±0.0070 

0.160 

+0.008 

54 

12.22^ 

Missouri 

Kansas 

} 10 

56 

0.150 ±0.012 

0.140 

+0.010 

56 

13.33 

Missouri 

13 

56 

0.101 ±0.0094 

0.124 

-0.023 

58 

QEj 

Missouri 

Arkansas 

} 9 

20 

0.098 ±0.0095 

0.110 

-0.012 

60 


Arkansas 

8 

8 1 

0.091 ±0.0081 

0.098 

SB 

62 

16.67 

Arkansas 

3 

3 

0.078 ±0.0057 

0.086 

SB 

66 

18.89 

Louisiana 

3 

6 

0.056 ±0.0015 

0.067 

90 

68 


Louisiana 

' 4 

11 

0.050 ±0.0064 

0.059 

-0.009 

Temperature 

Total 

Total 


Range 

a = 

1.55 

range 

36° 

20.00° 

9 

147 

475 

0.475 to 0.050% 

k « 

0.065 


° Temperature estimated. 

6 Not used in calculating the constants. 


From the nitrogen temperature curves it is obvious that the building up of 
nitrogen in the soil meets greater difficulties the farther south one goes. As a 
matter of fact 20 to 30 years of manuring experiments in southern states have 
failed to secure any considerable increase in soil nitrogen. Even as far north as 
Wooster, Ohio (mean annual temperature 49°F.), it has not been possible to 
reach the original nitrogen content of the unbroken soil (22). 
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Recently the term “nitrogen turn-over” has been suggested, a term which 
refers to the amount of nitrogen that may be supplied to crops from rotation to 
rotation by means of crop residues, green manures, and farm manures (17). 

Results of earlier work 

For the salr* of completeness two curves and tables previously obtained are 
lVlurM Table 11 and figure 8 refer to soils of various textures of the semi- 



FJg. 9. Average Total Nitrogen Content or the Soil as Related to the Mean 
Annual Temperature in the Semi-Humid Region (Upland Sons) 

arid grassland region lying within the Great Plains. Table 12 and figure 9 
show theN-T relation in the semi-humid regionfor upland soils (loams and silt 
loams). The original predominating vegetation is tall prairie grass. The 
values above 50°F. (which were not used in calculating the constants) represent 
soils with original forest vegetation mainly of oaks. These values are some¬ 
what below the theoretical grass land values for that part of the curve. 
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SUMMARY 

1. In the semi-arid, semi-humid, and humid regions of the United States a 
correlation exists between the mean annual temperature and the average total 
nitrogen content of upland prairie and timber soils and of terrace and bottom 
land soils. 

2. The decrease of nitrogen with increase of temperature is exponential or, in 
other words, the logarithm of the nitrogen varies inversely to the temperature. 



Generally speaking, for every 10°C. decline in .mean annual temperature, the 
average nitrogen content of the soil increases two to three times (fig. 10). 

3. The carbon-nitrogen ratio of the soil organic matter seems to become 
narrower with increasing temperature. 
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Potassium fertilizers at the present time are applied largely because of soil 
needs. Some attempt has been made to consider the needs of the plants, as 
determined by their chemical analyses. The different crops have been 
grouped into general classes in accordance with their need for large amounts of 
potassium (alfalfa and sweet clover) or for only small amounts (oatsand wheat). 
Although such groupings are undoubtedly very helpful in making recommenda¬ 
tions for potassium fertilizers, they are too general to be of much value. 
Moreover, although they establish the approximate total amount of potassium 
needed by the plants they do not give any index as to the amount of available 
potassium which must be present in solution in the nutrient media during the 
life of the plant. 

It is well known that plants immediately use only soluble constituents. 
Hence it might be logical to assume that the composition of the soil solution 
should give some indication as to the amounts of potassium available for plant 
nutrition. Reports of several investigations showed a wide variation in the 
potassium content of the soil solution. Hibbard (13), working, with alkali 
soils, found variations from 21 p.p.m. to 2110 p.p.m. of potassium in the soil 
solution. Millar (20), from analyses of displaced solutions from soils of the 
humid region, reports variations of 2.5 p.p.m. to 6.2 p.p.m. potassium for silt 
loam soils, 1.4 p.p.m. to 2.6 p.p.m. for sands, and 15.3 p.p.m. to 41.0 p.p.m. for 
peats. Unfortunately we have no good method for determining the rate of 
availability, and the figures given above show only the initial concentration 
when the amount in solution is in equilibrium with the relatively insoluble 
compounds. 

If a knowledge of the minimum concentration of potassium required for the 
maximum growth of a plant could be combined with a knowledge of the concen¬ 
tration of potassium in the soil solution and the ability of the insoluble com¬ 
pounds to maintain that concentration, a good basis for potash fertilization 
could be established. 

The work reported in this paper had for its object the solution of the following 

1 Published with the approval of the director of the Arkansas Agricultural Experiment 
Station. Published as Research Paper No. 114, Journal Series, University of Arkansas. 

* Assistant agronomists. 
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questions: 1. What are the minimum concentrations of potassium essential for 
plant growth? 2. Will plants assimilate more potassium than the amount 
required for optimum growth? 

MINIMUM POTASSIUM REQUIREMENTS 

In a pr elimin ary report the writers (3) noted that there was considerable 
variation in the concentrations of potassium necessary to obtain maximum 
growth of the different crops. Parker and Pierre (22) report from the results 
of their experiments that the maintenance of a concentration of 2 p.p.m. of 
potassium would probably be sufficient for the best growth of corn and soybeans. 

PLAN OF EXPERIMENT 

The seeds were germinated in quartz sand which contained very little, if 
any, of the soluble plant-food constituents. When the plants were two to 
three inches high they were transferred to culture solutions. The plants were 
placed through one-inch holed in paraffined boards and held in place by means 
of cotton plugs. The boards were then placed over 2-gallon jars filled with 
nutrient solution containing different amounts of potassium. 

IMPORTANCE OF PROPER NUTRIENT SOLUTION 

The selection of the proper nutrient solutions for studies of the requirements 
of plants for any one element is of great importance. If any element were 
included in the solution which might have some indirect effect on another 
element it would greatly impair the value of the results obtained. 

Many of the standard nutrient solutions contain some compounds of sodium. 
Because of the similarity of the chemistry of sodium and potassium the ques¬ 
tion arose as to the effect of the presence of sodium on the assimilation of 
potassium by plants. 

A review of the literature on the value of sodium in plant nutrition was made 
in order to determine whether the presence of sodium in a nutrient solution 
would greatly affect the results of a study of the potassium requirements of 
plants. Doll (7) grew barely in pot cultures composed of one-third sandy 
soil and two-thirds pure river sand fertilized with sodium chloride, potassium 
chloride, and mixtures of the two. He concluded that sodium chloride was 
only slightly less effective than potassium chloride for the nutrition of crops. 
Gerlach (8) concluded from field experiments that sodium can partially replace 
potassium when the amounts of potassium are insufficient for normal plant 
growth. Hartwell (9) from solution experiments with wheat seedlings, 
obtained a 10 per cent increase in yield from an application of sodium chloride. 
He concluded that certain functions of potassium in plants can be performed by 
sodium. On the other hand, he claims that certain functions of potassium can 
not be performed by sodium and without sufficient potassium for these needs, 
m a ximum growth will hot be obtained. Somewhat similar results are reported 
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by Hartwell and Damon (10) from field experiments. Pfieffer (23) states 
that if there is a deficiency of potassium for the whole plant, sodium will replace 
potassium in the leaves and stalks and make the potassium available for the 
grain. Kruger (18), from the results of pot experiments with beets, con¬ 
cludes that sodium can not physiologically replace potassium although its 
presence permits plants to use increased quantities of potassium more readily. 
Atterberg (1), from experiments with oats, thought that potassium was par¬ 
tially replaced by sodium. Hoagland (14) and Breazeale ( 6 ) concluded that 
the presence of sodium depressed the intake of potassium by plants. Reed and 
Haas (24), who studied the effect of sodium on the growth of young orange 
trees, concluded that sodium can not replace potasssium in plant processes. 
The trees fertilized with sodium made good growth but the authors decided 
that the potassium had been transferred from the roots to the leaves. Jordan 
and Genter (16) also concluded, from the results of pot experiments, that 
sodium can not perform the function of potassium. Stahl and Schroeder (26) 
hold the same view. They concluded from the results of pot cultures in which they 
grew buckwheat, carrots, peas, and oats, on potassium deficient peat, that 
the increased yields from the sodium treatment over the no treatment jars 
were insignificant. The foregoing does not cover a complete review of the 
literature, but sufficient evidence is presented to show that the presence of 
sodium in a nutrient solution in which the potassium requirements of plants are 
to be studied may give erroneous results. 

Because of the fact that many of the standard nutrient solutions, such as 
Shive’s (25), Knop’s (17), and Tottingham’s (27) contain sodium, or contain 
potassium in combinations which are not readily adjusted for varying the 
concentrations, a suitable nutrient solution had to be devised. The first 
nutrient solution used was a modified form of that used by Hartwell and 
Wheeler (11) and contained the following salts: Solution I: Ca (NO 3 V 4 H 3 O, 
147 gm.; CaHU (PO4VH2O, 26.9 gm.; dissolve and make to 2280 cc. Solution 
II: MgS 04 * 7 H 2 0 ,90 gm.; dissolve and make to 2280 cc. 

To each jar, containing 7.5 liters of distilled water, 50 cc. each of solutions 
I and II were added. Preliminary experiments with this nutrient solution 
and the one reported in the following, has shown that the concentrations of 
salts indicated were more than sufficient to maintain normal growth during 
the intervals between renewals, when sufficient potassium was added to the 
solution. Therefore in the experiments reported hereafter, potassium was 
the only element limiting plant growth, and any increase in the amount of 
dry matter produced by increasing the concentrations of potassium can be 
attributed only to the increase in the concentration of potassium. 

The potassium was added as needed from two solutions of KC1. One solu¬ 
tion contained 28.62 gm. of pure KC1 per 2000 cc. This was equivalent to 
14.997 gm. of K per 2000 cc., or 0.0075 gm. of K per cc. When 1 cc. of this 
solution was diluted to 7500 cc. the concentration became 1 mgm. of K per 
liter, or 1.0 p.p.m. The other solution contained 2.862 gm. of pure KC1 per 
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2000 cc. This concentration is equivalent to 0.00075 gm. of K per cubic 
centimeter. One cubic centimeter of this solution diluted to 7500 cc. pro¬ 
duced a concentration of 0.1 mgm. of K per liter or 0.1 p.p.m. The concentra¬ 
tion of potassium used varied from 0 mgm. to 50 mgm. of K. per liter of nutrient 
solution. In further discussion, in order to eliminate repetition, the term 
“concentration of so many p.p.m. of Kmeans mgm. of K per liter of nutrient 
solution. 

Oats and alfalfa grew very well on this solution. Soybeans and tomatoes 
grew well for a while but eventually became very chlorotic. This affected 
the growth to such an extent that the results could be considered as of only a 
qualitative nature. After several attempts to grow soybeans and tomatoes in 
this solution failed, several different solutions were tried with varying results. 
The one finally adopted was one based on the solutions devised by Hoagland 
and Martin (15) and Parker (21). The solutions used were: Solution A: 
807 gm. Ca(N03V4H 2 0,143 gm. Mg(N0sV6H 2 0,5 gm. CaCl 2 ,4 gm. MgCl 2 , 
1 gm. H 3 BO 3 , water to make 2 liters; Solution B: 300 gm. MgS 04 - 7 H 2 0 , 
1.2 gm. MnS04, water to make 2 liters; SolutionC: 7 gm.CaH 4 (P 04 ) 2 *H 2 0 , 
water to make 2 liters. 

Three separate solutions are necessary to prevent precipitation of some of 
the constituents. Ten cubic centimeters each of solutions A, B, and C were 
added to 7.5 liters of distilled water. This concentration, as has also been 
demonstrated by Parker (21), was more than sufficient to supply the needs of 
the plants for these elements during the periods between renewal of the concen¬ 
tration of these minerals. 

The potassium was added from two solutions of KC1 of the concentration 
previously given. The potassium concentration was renewed twice a day 
according to the following method. Two jars were filled with distilled water 
and the nutrient solutions, with the exception of potassium, added. The 
plants were then transferred from the old solution containing no potassium. 
Sufficient potassium as potassium chloride was added in solution to bring the 
concentration of the old no potassium treatment to 0.5 p.p.m. of potassium. 
The solution was well mixed and aerated by stirring with a wooden paddle. 
To the old 0.5 p.p.m. jars an amount of potassium chloride equivalent to 0.5 
p.p.m. was added and it became the new 1.0 p.p.m. jar to which the 1.0 p.p.m. 
plants were then transferred. Similarly, amounts equivalent to 1 p.p.m. of 
potassium were added to the old 1 p.p.m. jars and they became the 2 p.p.m. 
jars. A similar process was repeated until all the plants had been transferred 
to a renewed potassium concentration. The same kind of procedure was 
employed every time the solutions were changed. By using this procedure the 
potassium concentration was renewed twice a day and all other nutrients, 
excepting iron, were renewed once every three days. 

It was impossible to keep the concentrations exactly up to standard by this 
procedure because of the feeding of the plants. However, as there are no 
methods of chemical analysis for the rapid determination of potassium, the 
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procedure mentioned above would probably be as accurate as analyzing the 
solutions once every few days and adding the same amount each day, ass umi ng 
that the daily potassium consumption between periods of analyses was uniform. 

In order to add sufficient iron for normal growth the following procedure was 
adopted. Every third day the pH of the jars containing no potassium was 
reduced to 4.0 by the addition of dilute hydrochloric acid, and SO cc. of a 0.5 
per cent solution of ferric tartrate added. Therefore as the plants were 
rotated for the different potassium concentrations they received the necessary 
amount of iron. In this way no plant was kept in a solution of pH 4.0 for over 
12 hours and the possibility of injurious action due to such an acid reaction was 
reduced. The plants were all grown until they started to blossom, when they 
were harvested and first air-dried, then oven-dried, and then weighed. 

The crops used in this study were oats, alfalfa, Hubam clover, cowpeas, soy¬ 
beans, Sudan grass, and cotton. In order to reduce as much as possible the 

TABLE 1 


Oven-dry weights of plants grown in nutrient solutions with concentrations of potassium indicated 


KIN 

SOLU¬ 

TION 

OATS, 

WEIGHT OT 

4 PLANTS 

ALFALFA 
WEIGHT OF 

4 PLANTS 

BUB AM 
CLOVER, 
WEIGHT 
OF 12 
PLANTS 

COWPEAS 
WEIGHT OF 

8 PLANTS 

SOY¬ 
BEANS, 
WEIGHT 
OF 8 
PLANTS 

SUDAN GRASS, 
WEIGHT OF 

12 PLANTS 

COTTON, 
WEIGHT 
OF 8 
PLANTS 


Tops 

Roots 

Tops 

Roots 

Tops 

Tops 

Roots 

Tops 

Tops 


Tops 

p.p.m. 

> gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

0.0 

1.0 

0.7 

0.26 


0.85 

5.5 

2.4 

3.75 

5.3 

1.4 

4.6 

0.5 

10.0 

3.3 

3.40 

1.60 

1.90 

24.9 

8.3 

11.85 

45.1 

6.1 

8.0 

1.0 

10.9 

3.5 

2.70 

1.20 

1.71 

30.6 

9.4 

10.05 

53.4 

5.2 

9.3 

2.0 

14.5 

4.8 

2.80 

1.40 

1.72 

35.1 

10.2 

14.10 

43.3 

8.3 

12.4 

3.0 

9.8 

3.3 

3.20 

1.70 

1.75 

32.8 

9.4 

13.65 

71.1 

7.2 

12.7 

5.0 

ESI 

2.2 

2.90 

1.40 

1.95 

43.0 

13.2 

15.45 

72.0 

13.8 

13.3 

10.0 

Btl 

20 
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error which might be caused by plant variation, the plants were grown at the 
rate of two to six plants per jar, depending on the crop. Because of the differ¬ 
ences in the plants used the different ones will be discussed separately.' 

OATS 

The oats grew very rapidly after being transferred to the culture solutions. 
They tillered very profusely and were harvested after growing in the culture 
solutions for 50 days. The yields are given in table 1. 

There is no definite correlation between the root growth and the top growth. 
In a very general way the larger top. growths are accompanied by somewhat 
larger root growths, but because the correlation is so general, only the weight of 
the tops is considered in determining the minimum needs of the plant. 
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Oats are generally considered as having a low total potassium requirement 
and yet the maintenance of a concentration of 2 p.p.m. of potassium seems to be 
essential for the best growth. Increasing the concentrations up to SO p.p.m. 
of potassium did not cause any additional growth. Very good growth was 
obtained at low concentrations. A concentration of only 0.5 p.p.m. of potas¬ 
sium produced two-thirds as much growth as the best concentration of 2 p.p.m, 

ALFALFA AND HUBAM CLOVER 

Alfalfa and Hubam clover are both regarded as needing large amounts of 
potassium for normal growth and for that reason will be discussed together. 
The alfalfa had grown 59 days in the nutrient solutions when it was harvested 
and the Hubam clover had grown 56 days. The oven-dry weights are given in 
table 1. As in the case of oats, the correlation between the weights of tops and 
roots of alfalfa is so general that only the weights of the tops will be considered 
in determining the minimum requirement of alfalfa for potassium. 

Both alfalfa and Hubam clover seem able to make maximum growth if a con¬ 
centration of 0.5 p.p.m. of soluble potassium is maintained. An increase in 
the concentration of soluble potassium up to 5 p.p.m. did not produce any 
larger amount of dry matter. The ability of these two crops to make such good 
growth on such a low concentration of potassium in contrast to the large 
amounts usually found in alfalfa and Hubam clover hay suggests that these 
crops may have great ability to feed upon the relatively insoluble soil minerals. 
That these plants can feed readily upon relatively insoluble potassium contain¬ 
ing minerals such as feldspars has already been demonstrated by Bauer (4). 

cowpeas 

The growth of cowpeas was very luxuriant, and marked evidence of physio¬ 
logical disturbances was only found in the plants receiving no potassium in 
their nutrient solution. The leaves turned to a purplish brown color about 
two weeks after these plants were transferred to the culture solutions, and 
made very little additional growth by the time of harvesting. The cowpeas 
were grown in the nutrient solutions for 38 days after which they wereharvested. 
The results are given in table 1. 

As in the preceding experiments, because of the very general correlation 
between the weights of tops and roots, only the dry weight of the top growth 
will be considered in determining the potassium requirement of cowpeas. 

Cowpeas, according to the analyses given by Henry and Morrison (12), have 
a much higher total requirement for potassium than does alfalfa. In contrast 
to alfalfa, which was able to make its maximum growth on a concentration of 
0.5 p.p.m. of potassium, the minimum concentration of potassium necessary to 
produce best growth of cowpeas appears to be very close to 2 p.p.m. This 
suggests a very marked difference in their ability to feed upon relatively in¬ 
soluble potassium compounds and indicates that cowpeas, although having a 
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relatively high total potassium requirement, are unable to secure their mini¬ 
mum needs from very dilute solutions of potassium. However, very good 
growth was obtained at a concentration of 0.5 p.p.m. of potassium. In fact 
from the growth of the plants (pi. 1, fig. 1) it was practically impossible to see 
much difference in the plants growing in concentrations of from 1 to 5 p.p.m. 
of potassium. Part of the increase in weight of the plants growing in the solu¬ 
tions having a concentration of 5 p.p.m. of potassium was due to an extra 
48 hours growth for special observations in connection with work of another 
problem, 

SOYBEANS 

The increasing importance of soybeans as a soil building and hay crop makes 
desirable some information in regard to its potassium requirement. For this 
reason soybeans were included in the crops studied. The technique used in 
growing these plants was the same as that described for the preceding crops. 
The plants started growing rather slowly after being transferred to the culture 
solutions, but after about a week they apparently recovered and made good 
growth. Forty-eight days after being transferred to the culture solutions the 
plants were harvested. The yields are given in table 1. 

From the analyses given by Henry and Morrison (12) soybeans do not 
require nearly as much total potassium for best growth as do cowpeas and yet 
the maintenance of a concentration of approximately 2 p.p.m. of potassium was 
necessary for the production of best plant growth. Although a little more 
growth was produced at a concentration of 5 p.p.m. of potassium, it was con¬ 
sidered due to plant variation, because the dry weights from concentrations of 
2 and 3 p.p.m. of potassium were approximately the same. As with preceding 
crops, fairly good growth was obtained at a concentration of 0.5 p.p.m. of 
potassium without any indication of physiological disturbances which might be 
attributed to a deficiency of potassium. 

SUDAN GRASS 

Since Sudan grass does not have a very high potassium requirement, a com¬ 
parison of it with crops such as alfalfa and cowpeas, which have high potassium 
requirements, may be of some value in studying the minimum concentrations 
necessary to produce good growth of different crops. Twelve plants per 
treatment were grown, in order to eliminate as far as possible differences in 
yields due to plant variations. The plants were very vigorous and made rapid 
growth after being transplanted to the culture solutions. After 38 days, pic¬ 
tures were taken of the plants and they were harvested. The results are given 
in table 1. 

As probably might be expected, the correlation between dry weight of tops 
and roots was very general. On the whole it may be said that a large increase 
in dry weight of tops was usually accompanied by an increase in the dry weight 
of the roots. 
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From the dry weights of the tops, Sudan grass seems to require the main¬ 
tenance of a higher concentration of potassium than do any of the preceding 
crops. The maintenance of a concentration of close to 3 p.p.m. of potassium 
seems to be necessary for the best growth of Sudan grass. However, good 
growth was obtained (pi. 1, fig. 2) in all solutions to which potassium had been 
added. The stems were very rigid and did not need any support to prevent 
breaking of the plants. About two-thirds as much growth was made with a 
concentration of 0.5 p.p.m. potassium as was obtained at the best concentra¬ 
tion, namely, 3 p.p.m. of potassium. No evidence of any physiological dis¬ 
turbance such as might be caused by a deficiency of potassium was observed. 
The failure of 2 p.p.m. of potassium to produce any more growth than 0.5 p.p.m 
may be due to some extent to plant variation. 

COTTON 

More fertilizer is used on cotton than on any other crop, and a knowledge 
of its potassium requirement would give a better understanding for proper 
fertilization. The cotton plants, Trice 323, were grown as in the preceding 
experiments. They started growing rather slowly, after being transferred to 
the culture solutions, but after three weeks began to grow at what might 
appro xim ate average rate of growth in the field. At the end of 81 days the 
plants were harvested. The dry weights are given in table 1. 

The results indicate that the requirement of cotton is similar to that for 
cowpeas and that the maintenance of a concentration of potassium of approxi¬ 
mately 2 p.p.m. is necessary for best growth. 

This is rather interesting when it is considered that cotton has a relatively 
low potassium requirement as compared to cowpeas, and it may be one of the 
reasons why cotton responds so readily to applications of fertilizers. The 
growth at a concentration of 0.5 p.p.m. was not as good in proportion to that 
obtained from the higher concentrations as was found with the preceding 
crops. 

POTASSIUM CONTENT OP PLANTS 

It has been reported from a number of sources that plants seem able to take 
up more potassium than is actually needed for growth. One of the writers 
(2) has reported results that indicate a large consumption of potassium by 
alfalfa, oats, and Sudan grass above their actual needs. Blair (5) states that 
certain crops such as soybeans are able to take up an excess of potassium when 
there is an abundant supply, Lende (19) reports that plants will take up more 
potassium than they need for growth. If all plants will take up more potas¬ 
sium than needed for normal growth, it will not only put a new interpretation 
upon potassium fertilization but may be of value in helping to explain the 
ability of different plants to feed upon potassium compounds. 

Analyses of potassium content were made on the plant tissue, as follows: 

Weighed samples of plant tissue were saturated with H 2 SO 4 and ignited. 
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The ash was extracted with water and made to a definite volume. Aliquots 
were evaporated to dryness with a little H 2 S0 4 and then ignited. After cooling, 
a few cubic centimeters of water was added and the silica and iron were removed 
by filtration. The sulfates and any remaining iron and aluminum were 
removed with barium hydroxide. The barium was then removed by the addi¬ 
tion of carbon dioxide and then filtering. Platinic chloride was added to the 
filtrate and the potassium weighed as potassium platinic chloride. The results 
of the analyses are given in table 2. The potassium content of the oat tops at a 
concentration of 10, 25, and 50 p.p.m. of potassium was 1.96 per cent, 3.52 per 
cent, and 3.33 per cent respectively. 

As a general rule there was a gradual increase in the percentage of the potas¬ 
sium in the plant when the concentration of the potassium increased. The 
most noteworthy exception was the Hubam clover where the potassium content 
of the plants was approximately the same for plants grown in solutions con¬ 
taining 1, 2, 3, and 5 p.p.m. of potassium. Even in this case, however, there 


TABLE 2 

Percentages of potassium in plant tissues grown in nutrient solutions with concentrations 

of potassium indicated 


KIN 

SOLUTION 

K IN OATS 
TOPS 

KIN ALPALTA 
TOPS 

K IN HUBAM 
CLOVER TOPS 

K IN COWPEAS 
TOPS 

K IN SOY¬ 
BEANS TOPS 

KIN SUDAN 
GRASS TOPS 

KIN COTTON 
TOPS 

p.p.m. 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

percent 

0.0 



BRiH 

0.31 


0.40 

0.78 

0.5 

1.22 

1.76 

1.76 

0.71 

1.13 

0.52 

0.81 

1.0 

1.34 

1.54 

2.67 

0.81 

1.63 

0.68 

1.18 

2.0 

2.40 

2.17 

2.58 

1.08 

1.77 

0.92 


3.0 

2.61 

4.90 

2.71 

1.20 

2.21 

0.84 

1.48 

5.0 

3.03 

2.24 

2.60 

1.34 

1.97 

1.07 

1.80 


was SO per cent more potassium in the plants grown in a concentration of 
1 p.p.m. than there was in plants grown in a concentration of 0.5 p.p.m. potas¬ 
sium, which was the minimum amount necessary for best growth. With 
alfalfa, the plants grown in a concentration of 1 p.p.m. potassium had a 
smaller percentage of potassium than the plants grown in 0.5 p.p.m., which was 
the minimum concentration necessary for best growth. All the other concen¬ 
trations contained a considerably higher percentage of potassium. Cowpea, 
soybean, Sudan grass, cotton, and oat plants grown on concentrations of 
potassium greater than that required for normal growth, with the exception of 
plants grown in a concentration of 10 p.p.m. of potassium, all contained a 
considerably higher percentage of potassium than was found in the plants 
grown in the concentrations necessary for optimum growth. 

The results of the analyses of Hubam clover and oats suggest that there is a 
Tna-rimiim amount of potassium which plants will ass imila te. In the case of 
Hubam clover the addition of potassium above a concentration of 1.0 p.p.m. 
failed to increase the percentage of potassium in the plant. With oats there 
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was an increase in potassium content of the plants up to a concentration of 25 
p.p.m. of potassium in solution. Increasing the concentration to 50 p.p.m. 
of potassium had no effect upon the percentage of potassium in the plant. 
The assimilation of available potassium in amounts equivalent to the maximum 
capacity of plants would play a very important part in determining the residual 
effects which could be expected from applications of potassium fertilizers. 
However, the results are only suggestive and further study is necessary to 
determine whether all plants have a maximum capacity for the assimilation of 
potassium. 


GENERAL DISCUSSION 

The results of the experiments have shown that there is a decided difference 
in the concentrations of potassium necessary to produce best growth. Alfalfa 
and Hubam clover required the maintenance of a concentration of only 0.5 
p.p.m. of potassium to make best growth, whereas cowpeas, oats, soybeans, 
and cotton required the maintenance of a concentration of 2 p.p.m. for the 
most favorable growth. To produce the best yield, Sudan grass required the 
maintenance of a higher concentration than any of the above crops—3 p.p.m. 

There was no correlation between the total potassium requirements of the 
plants and the minimum concentration which must be maintained to secure 
best growth. For example, cowpeas, alfalfa, and Hubam clover are regarded 
as crops requiring large total amounts of potassium for normal growth and yet 
a concentration of only 0.5 p.p.m. was sufficient, when maintained, to com¬ 
pletely satisfy the needs of the latter two crops, whereas the maintenance of a 
concentration of 2 p.p.m. of potassium was essential for the best growth of 
cowpeas. Soybeans with a moderate total requirement for potassium, and 
oats with a relatively low total potassium requirement both need the main¬ 
tenance of a concentration of 2 p.p.m. of potassium in order to make the best 
growth. On the other hand, Sudan grass, which is regarded as having a low 
total potassium requirement, needed the maintenance of approximately 3 
p.p.m. of potassium for best growth. 

The differences in the concentrations of potassium necessary to produce best 
growth of plants may offer some explanation for the differences in the ability 
of plants to produce good growth from difficultly soluble potassium compounds. 
The results of these studies suggest that both alfalfa and Hubam clover should 
be able to feed very heavily upon slightly soluble potassium minerals such as 
orthoclase feldspar. This is in excellent agreement with results presented by 
Bauer (4), who secured normal growth of sweet clover when feldspar was the 
only source of potassium. On the other hand oats, cowpeas, soybeans, cotton, 
and Sudan grass would not be expected to feed very heavily upon relatively 
insoluble potassium minerals because they require much larger concentrations 
for best growth. 

The cause of the difference in potassium requirements of the plants could not 
he determined from these experiments. Part of it might be explained from 
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the theory advanced by Truog (28), that variations in the internal acidity of 
the plants greatly affect the ability of the plant to feed upon potassium. 
According to his theory, plants, such as alfalfa and sweet clover, whose sap 
has a slightly acid to alkaline reaction should do very well upon small concen¬ 
trations of potassium while other crops having a more acid sap would require 
greater concentrations of potassium for normal growth. It is doubtful, 
however, whether the foregoing explanation would account for the intake of 
potassium above the amount necessary for minimum growth. More work is 
necessary to determine the cause of the assimilation of excessive amounts of 
potassium by plants and the action, if any, of the excess of potassium in the 
plant. 

In all of the experiments good growth was obtained at a concentration of 
approximately 0.5 p.p.m. of potassium, and no evidence of physiological 
disturbances due to a deficiency of potassium was observed. Apparently the 
symptoms supposedly characteristic of potassium starvation develop only 
when the concentration of soluble potassium is extremely small. 

Data, to be published in the near future, from studies with tomato plants 
show that the potassium in the plants is Very labile. In other words, if there 
is a deficiency of potassium for normal growth in an embryonic region, sufficient 
potassium will be translocated from a region of older tissue to permit the plant 
to function almost normally in the embryonic region. When the deficiency of 
available potassium becomes very great, however, physiological disturbances 
will be observed in the older regions. 

From a consideration of the foregoing facts, it seems reasonable to believe 
that when physiological disturbances which may be attributed to a deficiency 
of potassium are observed in the embryonic regions, the amount of potassium 
available for plant growth is practically nil. 

The assimilation of large amounts of potassium by plants from solutions of 
greater concentration than that required for maximum growth will enable 
plants, because of the lability of the potassium assimilated, to function nor¬ 
mally when the concentration in solution is reduced below that essential for 
best growth. 

The ability of plants to take up excessive amounts of potassium may deter¬ 
mine to a great extent the residual effect which may be expected from the 
application of a potassium fertilizer. If the potassium remains fairly available 
after being applied to the soil, most of that added in the fertilizer may be 
removed by the first crop and the residual affect may be rather small, if any. 

From the standpoint of fertilizer practices it would appear to be almost 
necessary to make approximately the same application of potassium fertilizers 
for all crops. Although many of the crops may not use all of the potassium 
added, the larger application seems to be essential to maintain a concentration 
large enough to secure best growth of those requiring a concentration of 
approximately 2 to 3 p.p.m. of potassium. 
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SUMMARY 

In order to determine the minimum concentration of potassium which is 
necessary to produce optimum growth, oats, alfalfa, Hubam clover, cowpeas, 
soybeans, Sudan grass, and cotton were grown in culture solutions having 
different concentrations of potassium. Analyses were made on the plant 
tissue to determine whether plants have the ability to assimilate more potas¬ 
sium than that required for optimum growth. The results of the experiments 
may be briefly summarized as follows: 

1. There was considerable variation in the requirements of different plants. Alfalfa and 
Hubam clover were able to make optimum growth in a solution containing 0.5 p.p.m. of 
potassium. Oats, cowpeas, soybeans, and cotton made best growth at a concentration of 
2 p.p.m. potassium while Sudan grass required a concentration of 3 p.p.m. in order to produce 
the best growth. 

2. All the plants made goo,d growth at a concentration of 0.5 p.p.m. potassium. 

3. There was no relation between total potassium requirements of plants and the concentra¬ 
tion necessary to produce optimum growth. For example, oats and cowpeas have a low and 
high total potassium requirement respectively, and yet both needed a concentration of 2 p.p.m. 
of potassium to make optimum growth. 

4. Plants absorbed more potassium than is required for optimum growth. 
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PLATE 1 

Fig. 1. Growth of cowpeas in nutrient solution with parts per million of potassium indi¬ 
cated. 

Fig. 2. Growth of Sudan grass in nutrient solution with parts per million of potassium 
indicated. 
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Alfalfa is so important in the rations of all classes of farm animals, and its use 
in the maintenance and improvement of soil fertility has become so extensive 
that some knowledge, both of the degree to which its composition is variable 
and of the effect of soil differences upon its composition, is of unquestioned 
value. 

Up to the present time considerable work has shown that a number of plants 
vary in composition when grown under different soil conditions and when 
given different fertilizer treatments. One of the important phases of this 
work has been in connection with the effect of different soil conditions upon the 
composition of the expressed juice of the plants. 

It was to obtain information of the foregoing nature, in regard not only to 
the alfalfa plant but to several of the other important legumes, that this study 
was undertaken. This paper includes data showing the variations in the 
calcium and magnesium content of alfalfa stems and leaves, and likewise of 
their expressed juices, at different ages when grown on different soil types. In 
addition to these it contains data bearing on other relationships of the alfalfa 
plant and soil type. 


HISTORICAL 

McCool (14) has shown that the addition of fertilizers to soils under field 
conditions causes a measurable increase in the concentration of the expressed 
sap of com plants, of sugar beets, of table beets, and of onions, and to a less 
extent of table carrots. These data also showed that there was nearly as 
much variation among the concentrations of the sap of young com plants 
grown on different soil types, as there was among those grown on fertilized and 
unfertilized plots. The addition of fertilizers as noted by Austin (2) altered 
the composition of soybeans. The greatest effect was on Coloma sand and the 
least on Miami loam. But it was also observed that soil type was of greater 

1 A part of a thesis presented to the graduate committee of the Michigan State College in 
partial fulfillment of the requirements for the degree of doctor of philosophy. 

a The writer wishes to express his appreciation to Dr. M. M. McCool for his kindly interest 
in helping to plan and organize the work presented here. 
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influence in determining the composition of the soybean plants than was the 
application of fertilizers. McCool and Weldon (16) observed that the addi¬ 
tion of fertilizers caused no evident increase in the amounts of calcium and 
magnesium present in the juice of wheat grown on Hillsdale sandy loam, but 
that the application of lime alone gave greater amounts of calcium present in 
the expressed juice. It was concluded by these authors that the application 
of the various nutrients to the soil generally resulted in an increase of these 
elements in the plant juice. Experiments carried out by Morse (19) seem to 
indicate less CaO in the plant tissue of clover, on a dry basis, grown on limed 
soils than on unlimed. On the other hand, Bryan (3) found that the calcium 
content of the tissue of alfalfa, alsike clover, and red clover grown in sand 
cultures was higher when the reaction of the nutrient solution was higher. 
McCool (IS), states that the composition of the roots and tops of alfalfa varies 
according to soil fertility, stage of development, and varieties grown. It was 
concluded by Gilbert and Hardin (7) that the amounts of mineral elements in 
plant solutions were closely correlated with the amounts of these added in 
fertilizers. 

Dinsmore (6) found, as alfalfa advanced in growth, a rather wide fluctuation 
in total ash content, although the tendency was to decrease as the plants 
became more mature. This was borne out by Widstoe (23), who showed also 
that there was a greater amount of water in the stems than in the leaves of 
alfalfai n the early stages of growth but that as the plants become older it was 
nearly the same in the stems and leaves or even greater in the leaves. The 
dry matter was greater in the leaves in the beginning but toward maturity 
became much less than in the stems. In second cutting alfalfa, the ash content 
was found by Widstoe (23) to be lower than that of the first cutting. Austin 
(2) found the calcium and magnesium content of soybeans to decrease as the 
plants became older and that the magnesium content was not so uniform as the 
calcium content. Burd (4) showed that in barley there were probably three 
periods of growth: one, a preliminary period of about six weeks in which the 
greatest gain in weight occurred; then a period of about six weeks in which 
the rate of gain in total weight became negligible; and a third period, con¬ 
tinuing until maturity, in which there was an actual loss in weight, not only in 
the whole plant but in the various parts as well. However, it was observed 
further that the increase in dry matter followed a fairly straight line through¬ 
out the life of the plant and that the increase of calcium and magnesium 
parallel the formation of dry matter up to the eighth or ninth week, when the 
increase of these two elements lags behind. There was a decrease iti. calcium 
and magnesium in both the stems and the leaves at the time the heads were 
forming. This last result corroborated the findings of Homberger (12). 
Russel (20) notes that magnesium, like phosphorus, finally moves to the seed, 
and is thus in contrast with calcium and potassium which remain behind in the 
leaf and straw. According to Hoagland (11) marked absorption of all the 
nutrient elements in sand and water cultures took place at all periods up to 
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the final stage of growth. Whiting and Richmond (22) report that the calcium 
and magnesium content of the tops of the sweet clover plant changed but little 
during the first season's growth and that there was a ratio of about 3:1 for these 
elements. However, during the second season's growth the calcium and 
magnesium content decreased noticeably, there being one-third as much pres¬ 
ent at the end of the period of growth as at the beginning. 

Widstoe (23) gave data to show the proportions of stem to leaves throughout 
the growing period of alfalfa. In the beginning there was a greater proportion 
of stems than of leaves-—the amounts being 71.48 per cent stems and 28.52 
per cent leaves. At maturity the proportion had changed to 35.83 per cent 
stems, 57.23 per cent leaves, and 6.94 per cent blooms. In the second cutting 
the proportions at the time buds were beginning to form was 51.03 per cent 
stems and 48.97 per cent leaves, and at maturity 30.51 per cent stems and 
67.02 per cent leaves. Widstoe decided that alfalfa did not start to bloom 
until the leaves and stems were present in nearly like proportions, varying 
between 50 to 60 per cent of stalks and 40 to 50 per cent of leaves. 

PLAN OF EXPERIMENT 

The fundamental object of the work undertaken here was to determine what 
variations may occur in the composition of alfalfa plants grown on different 
soil types. The deep rooting habit of the alfalfa plant encourages the expecta¬ 
tion that soil types do not greatly influence the composition of the plants. 
Millar (18) showed that the roots of alfalfa are able to obtain food from the 
substrata if the materials there are available. If alfalfa plants are able to 
obtain the mineral elements from any portion of the soil profile where the 
supply is abundant, there should be little variation in the composition of 
plants grown on different soil types because of the feeding range. 

The results here reported are based on studies which were conducted during 
the growing season of 1928, beginning as soon as alfalfa had attained suffi¬ 
cient size for sampling. The first samples were taken on May 8 and there¬ 
after at two-week intervals until June 7. After this date samples were col¬ 
lected when the plants had reached fall bloom, the date of which varied con¬ 
siderably on the different soil types. The samples taken on June 7 were just 
beginning to show buds. Three samples were obtained from the second growth 
of alfalfa, the first being taken on July 24 and the last at the full bloom stage. 
Thus the data obtained would not only show variations due to soil type, but 
would also give the variations at different stages of growth. Separate analyses 
were made of the leaves and stems and of the expressed juice of leaves and 
stems. 

Alfalfa growing on the following soil types was used: Coloma loamy sand, 
Plainfield loamy sand, Hillsdale sandy loam, Fox sandy loam, Conover loam, 
Brookston loam (heavy), and Miami silt loam. 

The alfalfa used in this study was of the Grimm variety, all the fields being 
located in Ingham County, five of them within 12 miles of East Lansing and 
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the remaining two, on Brookston and Fox soil, at distances of 17 and 25 miles 
respectively. 


EXPERIMENTAL PROCEDURE 

All alfalfa samples were gathered between 8 and 10 a.m. on clear day's, as 
McCool and Millar (17) had found that the freezing point lowerings indicated 
variations in the plant material at different hours of the day. The samples 
were placed imm ediately in a saturated atmosphere and brought to the labo¬ 
ratory in this condition. 

As soon as possible after getting the samples to the laboratory, the leaves 
and stems were separated and 10-gm. samples of each were weighed out for total 
analysis and moisture determination. The remaining material was pressed to 
furnish the juice for analysis. 

The juice was expressed from all samples at seven tons pressure per square 
inch, a constant pressure being necessary, as previous workers (8, 10,13,17) 
have shown that the concentration of the expressed juice varies according to 
the pressure applied and the previous treatment of the plant material. The 
specific gravity of the juice was determined and portions of about 10 gm. were 
then weighed out into porcelain crucibles for ashing. The juice thus obtained, 
along with the plant material weighed out as stated before, was ashed in a 
muffle furnace at dull red heat, taken up in five normal hydrochloric acid, and 
made up to 100 cc. The calcium determinations were made by the usual 
official volumetric method, 25-cc. aliquots being used for each determination. 
Twentieth normal K MhOa was used to permit greater accuracy, and all 
results reported are averages of closely agreeing duplicates. The magnesium 
determinations were made by the volumetric method of Handy (9); the 
filtrates from the calcium determinations being carefully obtained for this 
purpose. Twentieth normal KOH was used as the alkali and the averages of 
closely agreeing duplicates only are reported in this paper. No difficulties 
were experienced in these determinations as long as the described methods were 
adhered to and great care was observed in washing and drying filtrates. 

EXPERIMENTAL RESULTS 

Calcium content of first growth alfalfa stems and leaves 

Calcium is such an important element in animal metabolism and its defi¬ 
ciency in a ration is followed by such objectionable effects that some knowledge 
of the variations which may occur in the calcium content of alfalfa is desirable, 
especially in the compounding of rations for poultry and swine. 

The calcium content of alfalfa stems grown on different soil types and 
analyzed at different growth stages is given in table 1. According to these 
data there was a noticeable and consistent variation in the calcium content of 
the alfalfa grown on the different soil types throughout the growth period. 
More calcium was found in the stems of plants taken from the heavy soil 
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types than from the lighter types at each stage of growth except that of full 
bloom, July 2, where the calcium content dropped on Brookston and Miami 
soils. The loam soils, Hillsdale and Fox, gave stems with the highest calcium 
content throughout the period of growth. 

Generally a higher percentage of calcium was present in the stems at matu¬ 
rity than at the early stage of growth and the increase was quite uniform on all 
the types. With the exception of the stems of the plants grown on Coloma 
loamy sand, a decrease in the calcium content occurred after the plants reached 
the budding stage, or on June 7, and this decrease was greater in the stems 
obtained from the very heavy soils. 

The calcium content of alfalfa leaves as percentage of dry material is also 
given in table 1. Much greater variation was evident in the amounts of calcium 

TABLE 1 

Calcium content* of first growth alfalfa stems and leaves at different stages of growth when grown 

on different soil types 


STAGES OP GROWTH 


son, TYPE 

Very young May 8 

May 22 

June 7 

July 2 

Steins 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

Plainfield. 

0.770 

1.103 

0.777 

0.826 

0.782 

2.140 

0.767 

2.522 

Coloma. 

0.897 

1.211 


1.683 

0.885 

1.695 

0.913 


Hillsdale. 


1.182 

1.051 

2.120 

1.025 

2.339 



Fox. 

0.956 

1.571 


1.737 

1.172 

3.108 

1.167 


Conover. 

0.949 

1.353 


■VTfil 

1.404 

3.830 

Not obtained 

Brookston. 

0.946 

1.161 

1.283 

1.748 

1.183 

2.568 

023 


Miami. 

0.915 

1.468 


1.917 

1.561 

2.148 

Ha 



* Dry basis. 


present in the leaves of alfalfa grown on different soil types than was found for 
alfalfa stems. 

Throughout the period of growth, the calcium content was highest in the 
leaves grown on the soils of medium texture as compared with the very light 
or the very heavy soils. 

The calcium content of alfalfa leaves increased uniformly as the plants 
became older and the percentage of calcium at full bloom was from two to 
nearly four times as great as in the very young leaves. The leaves grown on 
Brookston loam soil were the only ones to show a decrease in calcium after 
the budding stage, and the increase in the leaves obtained from Miami soil 
was small. These facts, and those noted in the case of the stems where the 
decrease after the budding stage was greater on these two heavy soils, may be 
explained by the fact that in these plants there was an adjustment made 
between the calcium present and some other cation as potassium, which did 
not occur in the plants obtained from the lighter soils. 
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The calcium content of alfalfa leaves was greater than that found for stems 
of the same plants. In the very young plants, this difference in calcium 
content of the leaves and stems was slight, but at maturity it was much 
greater, there being nearly four times as much calcium in the leaves as in the 
stems. 

The data on the percentage of calcium present in the expressed juice of 
alfalfa stems grown on different soil types are given in table 2, It is apparent 
that there were differences in the calcium content of the juice obtained from 
stems of plants grown on the different soil types, although they are not con¬ 
sistent throughout the growing period. Generally the calcium content was low 
in the juice of stems grown on the very sandy soils and high on the sandy loams 
and the loams. 


TABLE 2 

Calcium content of expressed juice of first growth alfalfa stems and leaves at different stages of 

growth on different soil types 


STAGE 07 GROWTH 


son. TYPE 

May 8 

May 22 

June 7 

July 2 





Stems 

Leaves 

Stems 

Leaves 


per cent 

per cent 

Per cent 

per cent 

per cent 

per cent 

per cent 

percent 

Plarirfold... 

0.133 

0.175 

0.060 



0.332 

minium 


Coloma. 

0.133 

0.275 

0.068 

0.227 


0.262 


0.618 

Hfilsdale.. 

0.086 

0.247 

0.088 

um 

0.106 

0.415 


EXgl 

Fox. 

0.111 

0.219 

0.092 

E8H 

0.144 

0.564 

0.154 

hi 

Conover. 

0.123 

0.237 

0.082 

0.240 

0.193 

0.623 

Not obtained 

Brookston. 

0.147 

0.244 

0.133 

0.297 

0.167 

0.439 



Miami. 

0.092 

0.210 

0.104 

j 

0.255 

0.165 

0.502 

0.196 

0.713 


Although no uniform increase occurred in the percentage of calcium in the 
juice of alfalfa stems, there was a general tendency for the concentration to be 
higher in the juice of the mature stems than in that of the young stems. The 
plants obtained from Plainfield and Brookston soils were tibe only exceptions. 
The plants obtained from Brookston soil likewise were the only ones which 
showed a depression of calcium in the expressed juice of the stems after the 
budding stage, due again perhaps to the balance between the cations noted 
before. The period of greatest depression occurred on all of the soil types, 
with the exception of Hillsdale and Miami soils, at the time the second sam¬ 
pling was made (May 22). Although these exceptions cannot be explained, 
this depression at this time was probably due to a greater moisture content in 
the stems, a fact which will be brought out in subsequent data. 

The calcium content of the expressed juice of alfalfa leaves grown on different 
soil types is given in table 2, along with the similar data relative to the juice 
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of the stems. Large differences existed in the concentration of calcium in the 
juice obtained from leaves grown on different soil types, although the differ¬ 
ences were not especially great in the juice of the young leaves.. 

The greatest concentrations of calcium appear to have been present in the 
juice of leaves grown on the heavy soil types, although that of the juice of 
leaves grown on Brookston loam was quite low. As usuial, greater percentages 
of calcium were present in the juice of the leaves grown on Fox and Conover 
sandy loams than on either the very light or the very heavy soils. 

" A rather uniform increase in calcium content occurred in the juice of leaves 
as the plants became older and there does not appear to have been any stage 
of growth where a general depression occurred. However, the increase in 
concentration was small on May 22 on nearly all of the soil types and on some 
there was a depression of calcium in the juice of the leaves at this time. These 

TABLE 3 

Magnesium content * of first growth alfalfa stems and leaves at different stages of growth on 

different soil types 


STAGE OT GROWTH 


SOU TYPE 

May 8 

May 22 

June 27 

July 2 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 


per cent 

per cent 

per cent 

per cent 

per cent 

percent 

per cent 

percent 

Plainfield. 

0.247 

0.256 

0.313 

0.285 

0.184 


0.156 

EX31 

Coloma. 

0.268 

0.224 

0.256 

0.309 

0.228 

EHI 


esh 

Hillsdale. 

0.231 

0.226 


0.244 

0.240 

0.241 

0.238 


Fox. !... 

0.396 

0.268 

0.366 

0.297 

0.369 


0.325 


Conover. 

0.414 

0.313 

0.495 

0.250 

0.484 

0.444 

Not obtained 

Brookston. 


0.241 

0.388 

0.203 

0.325 

wmi 

0.174 


Miami. 

0.336 

0.265 

0.346 



Ha 

0.211 

to 


* Dry basis. 


conditions were probably due to the greater moisture content of the leaves at 
this stage of growth. Without exception, the concentration of calcium was 
greater in the juice of mature leaves than in that of the young leaves. 

The percentage of calcium in the expressed juice of alfalfa leaves was higher 
than that of the juice of alfalfa stems. In the young plants, the concentration 
of calcium in the juice of leaves was about twice as great as in the juice of 
stems, but as the plants became older the difference became greater until at 
maturity the concentration of calcium in the juice of the leaves was five or 
six times that in the juice of the stems. 

About one-fifth as great a percentage of calcium was present throughout the 
period of growth in the juice of alfalfa leaves as in the tissue of leaves. The 
increase in concentration of calcium in the juice was accompanied by a similar 
increase of calcium in the tissue of the leaves. 
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Magnesium content of first growth alfalfa stems and leaves 

Although probably of less importance than calcium from the nutritional 
standpoint, magnesium is an important constituent of all plant materials and a 
knowledge of variations in the amounts present in plants at different times in 
the growth period and as affected by soil type is undoubtedly valuable. 

The magnesium content in percentage of dry material present in the stems 
of first growth alfalfa on different soil types is given in table 3. It is evident 
that throughout the growth period there was considerable difference in the 
amount of magnesium present in the stems grown on the various types of soil. 
During the entire growth period the heavier soil types gave stems containing 
noticeably greater amounts of magnesium than did the light soils, although as 
the plants became older this influence of soil texture became less marked. 
Higher magnesium content was always evident in the stems grown on the sandy 
loam soils, Fox and Conover, than in the stems grown on either the very heavy 
or the very light soils. 

A depression of greater or less magnitude occurred in the magnesium content 
of stems grown on all of the soil types after the budding stage. On some of the 
soil types, as Coloma, Plainfield, and Brookston, the decrease of magnesium 
in the stems may be almost uniform from the early stage of growth to ma¬ 
turity. With but one exception the percentage of magnesium was lower in 
the mature stems than in the very young stems samples on May 8. 

The magnesium content of alfalfa stems was much lower than the calcium 
content throughout the period of growth. Although the amount of mag¬ 
nesium varied very uniformly with that of calcium, it did not parallel the 
amount of the calcium, at times rising and falling independently of it. 

Table 3 likewise contains data showing the magnesium content of first 
crop alfalfa leaves at several stages of growth on different soil types. Varia¬ 
tions appeared in the percentages of magnesium in the leaves grown on the 
different soil types, but until the plants approached maturity the differences 
were not great. At no time during the period of growth could the influence of 
soil texture be discerned except insofar as the leaves from plants grown on 
Fox and Conover sandy loams were generally somewhat higher than those 
produced on the other soil types. Usually the magnesium content was as 
high in the leaves grown on sandy soils as that of the leaves obtained from 
heavy soils. 

The amount of magnesium increased in the leaves of alfalfa on all the types 
as the period of growth advanced. This increase was more evident in the 
leaves grown on loamy sands and sandy loams than in those grown on the 
heavier loam soils, and on only one type was this increase uniform from first to 
last. Thus periods of depression were noted on all soil types except Fox 
sandy loam at one or another of the periods of sampling. 

The magnesium content of alfalfa leaves was about equal to that of alfalfa 
stems at each stage of growth on all the soil types. A deviation from this 
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occurred at the mature stage when the percentage of magnesium in the leaves 
became greater than that in the stems, partly by because of the increase in the 
leaves after the budding stage, and partly because of the decrease or depression 
noted in the stems at the same time. 

The magnesium content of alfalfa leaves was always much lower than the 
calcium content. The proportion of magnesium to calcium was about 1:5 in 
the very young plants and increased to about 1:8 at maturity. This increase 
in the magnesium-calcium ratio was not noted for stems; the ratio remaining 
about 1:4 throughout the entire growth period. 

Table 4 shows the percentages of magnesium present in the expressed juice 
of first growth alfalfa stems grown on different soil types. The influence of 
soil type was evident throughout the growing period of the plant, but at no 
stage of growth was there any evidence that the texture of the soil was related 

TABLE 4 

Magnesium content of expressed juice of first growth alfalfa stems and leaves at different stages of 

growth on different soil types 


STAGE 07 GROWTH 


sort TYPE 

May 8 

May 22 

June 7 

July 2 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 


per cent 

per cent 

per cent 

per cent 

percent 

per cent 

percent 

per cent 

Plainfield. 


0.075 

0.038 

0.038 

0.026 

0.052 


Era 

Coloma...... 

0.053 

0.079 

0.038 

0.043 

0.036 




Hillsdale... 

0.038 

0.056 

0.045 


MM9JV 



nil 

Fox. 

0.047 

0.060 

0.052 


0.048 

Era 


0.115 

Conover. 


0.053 

0.055 

0.064 

0.076 


. 


Brookston. 



0.060 

0.052 

0.060 

Wm 


0.067 

Miami. 


0.051 


0.050 

0.062 



0.088 


to the concentration of magnesium in the juice of the stems except the fact that 
at the two intermediate growth stages the concentration was least in the stems 
grown on Plainfield and Coloma loamy sands. 

Except on Plainfield loamy sand and Brookston loam, the concentration of 
magnesium in the juice of alfalfa stems was greater at maturity than at the 
early part of the growth period. On some of the types, as Hillsdale sandy 
loam, Conover sandy loam, and Miami silt loam, the increase in the concentra¬ 
tion of the juice of stems was uniform from first to last ; on the other types there 
was a depression in the amount of magnesium present in the juice of the stems 
at one of the stages of growth succeeding the first. 

There was a smaller amount of magnesium in the juice of alfalfa stems than 
there was calcium and the ratio remained about 1:2 or 1:3 throughout the 
period of growth. The soil type which gave a high calcium content in the 
juice of stems likewise gave a high magnesium content, and the fluctuations 
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during the growing period occurred somewhat nearly at the same time for both 
calcium and magnesium. 

The magnesium content of the juice of alfalfa leaves grown on the different 
soils is also given in table 4. That variations in the concentration of the juice 
of leaves grown on different soil types occurred, is quite evident and they 
continued throughout the growth of the plant. In the very young plants 
there appeared to be no influence of soil texture but as the plants became older 
those grown on the heavy soils, and especially those grown on the sandy loams, 
showed a higher magnesium content in the juice of their leaves than did those 
grown on the light sandy soils. At the stage of full bloom little effect of soil 
texture on the magnesium content of the juice was evident. At this time Fox 
sandy loam gave leaves with a considerably greater amount of magnesium in 


TABLE 5 

Calcium content * of second growth alfalfa stems and leaves at different stage of growth on 

different soil types 


son. type 

STAGE OF GROWTH 

July 24 

August 7 

Full bloom 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 


per cent 

per cent 

per cent 

per cent 

percent 

per cent 

Plainfield. 

1.198 

1.289 

1.261 

1.598 



Coloma... 

1.170 


1.044 

1.895 

mm 

3.690 

Hillsdale. 

1.125 

1.618 

1.038 

2.080 

US 

2.19t 

Fox.. 


1.787 

1.047 

2.065 

0.932 

2.550 

Conover. 

1.410 


1.249 

2.388 


3.955 

Brookston. 

1.337 

1.874 

1.158 J 

3.432 

0.991 

2.680 

Miami... 

1.347 

1.792 




2.950 






* Dry basis, 
t Half bloom. 


their juice than did any others, and the sandy soils were about equal to the 
heavy soils in this respect. 

Greater amounts of magnesium were present in the juice of mature alfalfa 
leaves than in immature ones, though the difference was very small. On all 
of the soil types studied, except the sandy loams, there was a depression in the 
concentration of magnesium in the juice of alfalfa leaves on May 22. This 
depression, which corresponds to the depression noted for the calcium content 
at this stage of growth, was most noticeable on the sandy soils. 

The magnesium content of the juice of alfalfa leaves was but slightly higher 
at any time than that of the stem juice. The relative concentrations remained 
about the same during the growing period so that at no time was the con¬ 
centration of the juice of one much different from that of the other. 

Much smaller amounts of magnesium than of calcium were present in the 
juice of first growth alfalfa leaves. The proportion of magnesium to calcium 
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was less in the young plants, about 1:4, but increased as the plants become 
older until it was about 1:7, or even wider. 

Calcium and magnesium content of second growth alfalfa stems and leaves and in 

their expressed juices 

The analysis of second growth alfalfa showed that the ralHum and mag¬ 
nesium contents of the tissue and of the juice of both stems and leaves cor¬ 
responded quite closely to those found in the first crop. Some disagreements 
were found, however, which are worthy of note. 

More calcium was present throughout the growth period, and a more rapid 
and more general decrease occurred in the percentage of calcium, as the period 
of growth advanced, in the second crop stems (table 5) than in the first crop 
stems. 


TABLE 6 

Calcium content of expressed juice of second growth alfalfa stems and leaves at different stages of 

growth on different soil types 


SOIL TYPE 

STAGE OP GROWTH 

July 24 

August 7 

Full bloom 

Stems 

Leaves 

Steins 

Leaves 

Stems 

Leaves 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

Plainfield. 


0.204 

0.075 

0.19S 



Coloma. 


0.174 

0.084 

■ 

mm 

Wm 

Hillsdale. 

0.106 

0.200 

0.094 

■SR SI 

itfil 

H 

Fox. 

■ 

0.247 

0.112 

0.345 

ssn 

0.668 

Conover. 


0.29<5 

0.127 

0.403 



Brookston. 

wm 

0.290 

0.130 

0.430 

0.170 

0.678 

Miami. 


0.245 



0.157 

0.708 









* Half bloom. 


Greater amounts of calcium appeared in the leaves of the second crop (table 5) 
when the plants were young than occurred in those of the first crop, but the 
increase of calcium from early growth to maturity was slower in the second 
growth leaves, resulting in a lower content at full bloom than was observed in 
the first crop leaves. The least increase of calcium with advancing age 
occurred in the leaves of plants obtained from the soil types which had given 
up the greatest amounts of calcium to the first crop. 

From table 6 it is evident that similar amounts of calcium were present in the 
expressed juice of both stems and leaves of the two crops throughout the 
growing period. 

Soil type produced variations in the calcium content of the second crop 
which were similar in magnitude to those produced in the first crop but the 
influence of soil texture was much less evident and became practically negligible 
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toward the dose of the growth period, perhaps because of an equalizing of the 
supply of caldum in the nutrient medium. 

Tables 7 and 8 show that only the following differences occurred in the 
magnesium content of the second crop in comparison with that of the first crop 
of alfalfa. 


TABLE 7 

Magnesium content * of second growth alfalfa stems and leaves at different stages of growth on 

different soil types 


SOIL TYPES (INCREASING TEXTURES) 

DATE OP SAMPLING 

July 24 

August 7 

Full bloom 

— 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 


per cent 

per cent 

per cent 

per cent 

per cent 

Per cent 

Plainfield . 


■oREl 

BSKTiTSl 

0.374 



Coloma. 

0.690 


0.322 

0.311 

0.408 

0.489 

Hillsdale. 

wm 

0.583 

0.292 

0.490 

0.348 

Era 

Fox. 

HU 


0.184 

0.310 

0.310 

m 

Conover. 

0.760 


0.537 


0.501 

0.741 

Brookston. 

0.537 


0.351 

0.381 

0.246 

0.381 

Miami.,. 

0.798 

■llnil 



0.360 

0.489 


__ 






♦Dry basis. 
+ Half bloom. 


TABLE 8 

Magnesium content of expressed juice of second growth alfalfa stem and leaves at different stages of 

growth on different soil types 


DATE OP SAMPLING 


SOIL TYPES (INCREASING TEXTURES) 

July 24 

August 7 

Full bloom 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 


per cent 

per cent 

per cent 

per cent 

Per cent 

per cent 

Plainfield. 

0.093 


0.048 

0.072 



Coloma. 


0.081 

0.045 

0,064 

0.129 

0.134 

Hillsdale. 

■flEwSl 

0.088 

0.069 

0.088 

0.076 


Fox. 


0.096 

0.048 

0.074 

0.084 

0.122 

Conover. 

0.112 

0.105 

0.105 

0.093 



Brookston. 

0.096 

0.091 

0,086 

0.098 

Kail! 


Miami... 

■iKful 

0.084 




0.144 








* Half bloom. 


Greater amounts of magnesium were present in the tissue and in the juice 
of both stems and leaves of the second growth than occurred in the first growth. 

A more rapid decrease took place in the magnesium content of the tissue of 
second growth stems than in that of the first growth stems as the period of 
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growth advanced. In the juice of the stems of the second crop a smaller in¬ 
crease of concentration of magnesium occurred than was found in the juice 
of the first growth stems. 

A tendency was apparent for the magnesium content of the tissue of second 
crop leaves to decrease with advancing age in contrast to the general tendency 
for it to increase in the tissue of first growth leaves. 

Soil texture was less marked in its influence upon the magnesium content of 
the second crop of alfalfa than upon that of the first crop. In the second 
growth the Fox soil appeared to have lost its ability to produce alfalfa containing 
the large amounts of calcium and magnesium which were observed in the plants 
obtained from that soil during the first growth period. 

Calcium and magnesium content of the plant tissue of alfalfa stems and leaves 

free of all sap 

The quantity of any substance found in moisture-free plant tissue consists 
of the amount of this substance present in the woody tissue plus the amount 
originally present in the juice of the plant and left in the tissue upon drying. 
In order to determine the amount of any substance which makes up a part of 
the structural tissue of the plant it is necessary to separate from this the 
amount contained in the juice of the green plant material. 

Attempts have been made by some workers (5, 20) to extract separately 
material of the vacuole portion of plant cells and the material contained in the 
protoplasm. The methods used were chemical, as the application of extreme 
mechanical methods was considered to break open the cell wall and allow the 
escape of some of the protoplasmic material. 

In the work presented here the woody plant tissue is considered to consist of 
cell walls only. Any material in solution or suspension in the vacuole or 
protoplasmic material is not considered as incorporated in the structural tissue 
of the plant. Because of this, the total material expressed under rather high 
pressure, as seven tons per square inch, is assumed to represent the plant 
substance other than that of the woody tissue, although there is considerable 
controversy on this point among a number of workers (8, 9, 12). 

If the amount of a substance present in the green material of the plant and 
the amount in the liquid portion of the plant material (represented here by the 
content in the expressed juice of the plant) are known, the amount of the 
substance in the woody tissue can be found as the difference of these two. 
This procedure is represented by the following equation for the determination 
of a substance A: 

A in woody tissue = per cent A in green plant material — per cent A in juice X 
grams juice per grams green material. 

The data necessary in the use of this equation consist of the percentage of the 
substance sought in the green tissue of the plant, the percentage of the sub¬ 
stance in the expressed juice of the green material, and the exact moisture 
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content of the green material. The moisture content of the plant equals, with 
but slight error, the total amount of plant juice which could be extracted if 
it were possible to press the material so greatly that it would be moisture free. 
Results obtained from the use of the above formula are incorporated in 
tables 9 to 12 inclusive. The moisture content of the materials is presented 
subsequently in table 13. 

The amounts of calcium in the woody tissue of first growth alfalfa stems 
and leaves when the plants were very young and also when they were at full 
bloom are given in table 9. A much smaller amount of calcium was present 
in the woody tissue of young alfalfa stems than in that of old ones. This 
indicates that during the period of growth a certain amount of calcium was 
being added to the tissue. The amounts of calcium deposited in the tissue 
of the stems after the plants were sampled on May 8 until they were in full 

TABLE 9 

Relative amounts of calcium present in the woody tissue of first growth alfalfa stems and leaves in 

early growth and at maturity 
When grown on different soil types 


SOIL TYPE 

EARLY STAGE, MAY 8 

MATURE STAGE 

Mgm. Ca per 
gm. green 
material 

Mgm. Ca in 
tissue of 1 gm. 
green material 

Mgm. in gm. 
green material 

Mgm. Ca in 
tissue of 1 gm. 
green material 

Amount added 
after May 8, 
mgm. per gm. 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Plainfield. 

1.14 

2.06 


0.634 


5.78 

1.50 

0.297 

1.497 

-0.337 

Coloma. 

1.60 

2.75 


0.619 

2.40 

6.97 

1.33 

0.150 

0.830 

-0.469 

Hillsdale. 

1.38 

2.50 


0.551 

2.38 

9.11 

1.31 



-0.224 

Fox. 

1.56 

3.47 

SR 5 

0.177 

2.56 

9.76 

1.21 


0.583 

0.117 

Brookston. 

1.84 

2.64 

iSK 3? 

fnriyfi 



1.03 


0.375 

0.225 

Miami. 

1.565 

3.24 

0.796 

0.161 

2.64 

7.08 

1.21 

B1 

0.414 

0.030 


bloom varies from 0.375 mgm. per gram of green material to 1.49 mgm. per 
gram. 

Widely different amounts of calcium were present in the woody tissue of 
first growth alfalfa stems grown on the different soil types. Stems grown on 
Plainfield soil contained in their woody tissue when very young, only 0.003 
mgm. of calcium per gram, whereas those grown on Miami soil contained in 
their woody tissue 0.796 mgm. per gram. At maturity the stems grown on 
Plainfield soil contained 1.50 mgm. calcium per gram in their woody tissue and 
those grown on Brookston soil contained only 1.03 mgm. per gram. Con¬ 
sequently it appears that the texture of the soil influenced the amount of 
calcium deposited in the woody tissue, that of stems grown on heavy soil 
types containing more calcium when very young than that of stems grown on 
light soils, and the woody tissue of stems grown on heavy soils containing less at 
full bloom than that of stems grown on light soils. 





























PHYSIOLOGICAL CHARACTERS OP THE ALFALFA PLANT 


219 


There was a much greater amount of calcium deposited in the woody tissue 
of stems grown on the sandy soils during the period of growth following the 
first sampling. These data indicate that at no time during the period of growth 
was calcium actually removed from the woody tissue of the stems, as may have 
been interpreted from the analysis of the dry material (table 1). 

The data in table 9 show that noticeable differences existed in the amounts of 
calcium deposited in the woody tissue of the first growth leaves from the differ¬ 
ent soil types both in the early stage of growth and at full bloom. Greater 
amounts of calcium were present in the woody tissue of the leaves grown on 
heavy soils when the leaves were young. As the period of growth advanced, 
however, calcium was removed from the woody tissue of leaves grown on the 
ligher soils whereas calcium was deposited in the tissue of leaves grown on 
heavier soils, with the result that the amount of calcium in the woody tissue of 

TABLE 10 

The relative amounts of magnesium in the woody tissue of first growth alfalfa stems and leaves at 

early growth and at maturity 
When grown on different soil types 


SOIL TYPE 

EARLY STACE, MAY 8 

MATURE STAGE 

Mgm. Mg per 
gm. green 
material 

Mgm. in tissue 
of 1 gm. green 
material 

Mgm. Mg per 
gm. green 
material 

Mgm. Mg. in 
tissue of 1 gm. 
green material 

Amount Mg 
added after 
May 8 

Stems 

Leaves 

Stems 

Leaves 

Steins 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Plainfield. 


0.48 




0.77 


0.16 



Coloma. 




.... 

0.476 

0.77 

0.073 


ilflm 

.... 

Hillsdale. 

0.384 

0.48 



0.624 

ftWZJ 

0.128 

0.06 

0.062 

0.03 

Fox. 

0.648 

BE] 




1.44 

0.085 

0.58 

0.164 

0.45 

Brookston. 

0.624 

0.55 


.... 

0.408 

0.69 


mmm 

0.103 

.... 

Miami. 



Hi 




g*|| 



-0.04 


leaves grown on ligher soils was less at full bloom than in that of leaves grown 
on the heavier soils, except in the case of Miami soil. 

Smaller amounts of calcium were present in the woody tissue of alfalfa 
leaves of the first crop at both stages of growth studied than was the case with 
the stems. Also less calcium was deposited in the woody tissue of the leaves 
than of the stems during the period of growth. Apparently there was a trans¬ 
location of calcium from the leaves of alfalfa grown on the light sandy soils. 

In table 10 are given the relative amounts of magnesium in the woody tissue 
of the stems and of the leaves of first growth alfalfa at early growth and at full 
bloom. Much smaller amounts of magnesium t ha n of calcium were present 
in the woody tissue of stems at any time, and it appears that at least in stems 
grown on heavy soil types there was a removal of a portion of the magnesium 
as the plants advanced in age. 

The amount of magnesium in the woody tissue of the alfalfa leaves was 
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usually about equal to the amount of calcium present, and in some cases the 
amount was even greater. Although the data are incomplete it appears that 
only small amounts of magnesium were deposited in the woody tissue of leaves 
in the latter portion of the growth period and some may even have been 

TABLE 11 

Relative amounts of calcium in the woody tissue of second growth alfalfa stems and leaves in early 

growth and in full bloom 


■When grown on different soil types 


SOIL TYPES 

EARLY STAGE 

TULL BLOOM 

Mgm. Ca in 
gm. green 
material 

Mgm. Ca in 
actual tissue 

Mgm. Ca in 
gm. green 
material 

Mgm. Cain 
actual tissue 

Amount Ca 
added after 
July 24 



Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Plaiirfiftld 

BBS 

3.03 

Hi 

1.49 







Coloma. 

1.38 

0.21 

3.34 

7.38 

1.94 


1.73 

• • • • 

Hillsdale. 

1.58 

2.95 

vnrft 

1.32 







Fox. 

1.83 

3.52 

0.92 

1.54 

3.02 

7.94 

1.88 

3.35 

0.96 

• • • 

Conover. 

1.95 

RTS1 

0.80 

1.76 







Brookston. 

2.26 

4.08 

1.21 

1.82 

3.18 

7.58 


2.73 

0.82 

0.92 

Miami. 

1.88 


0.89 

1.65 

2.79 

8.26 

1.67 

3.17 

0.78! 

1.52 


TABLE 12 

Relative amounts of magnesium in the woody tissue of second growth alfalfa stems and leaves in 

early growth and in full bloom 


When grown on different soil types 


SOIL TYPE 

EARLY GROWTH 

POLL BLOOM 

Mgm. Mg in 
gm. green 
material 

ill 


B1 

Mgm. Mg 
added after 
July 24 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Plainfield... 


1.05 


0.38 






■pi 

Coloma. 

Bf.' 




1.83 

1.68 




WM 

Hillsdale. 

JH 

1.01 

■HUH 

0,29 






mm 

Fox. 


1.05 

0.19 

0.28 

1.94 

1.86 

1.37 

1.92 

1.18 

1.64 

Conover. 


1.08 

■HUH 

0,25 







Brookston. 

Bb 

1.03 

0.13 

0.32 

1,92 

1.69 

1.23 

BBS 

1.10 

0^58 

Miami. 

i 

1.15 


0.29 

0.30 

1.89 

1.37 




0.04 


removed. Apparently soil texture influenced the amount of magnesium 
deposited in the tissue at the early stage of growth, when there was more in 
the stems and leaves grown on heavy soil types. 

Data showing the amounts of calcium in the woody tissue of second growth 
alfalfa stems and leaves are given in table 11. In the case of stems, soil texture 
did not appear to influence the amount of calcium in the woody tissue but it 
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did influence the amounts that were added during the final stages of growth, 
greater amounts being added to the stems grown on light soil types. 

About equal amounts of calcium were present in the stems of first and second 
growth alfalfa when very young, but in the more mature plants the amount 
became greater in the second crop stems, and greater amounts were added 
during the growth period. Noticeably greater amounts of calcium were 
present in the woody tissue of second crop leaves during the entire growth 
period, and greater amounts were deposited in the tissue during the life of the 
plant. 


TABLE 13 


Moisture content of first and second growth alfalfa stems at different stages of growth and on 

different soi l types 
Per cent on dry basis 



son. TYPE 

DATE OF SAMPLINGS 

Coloma 

Plainfield 

Hillsdale 

Fox 

Conover 

! 

« 

Miami 


First growth 


May 8. 

82.10 

85.35 

83.85 

83.73 

83.75 

80.55 

82.90 

May 22. 

86.95 

97.75 

86.35 

86.70 

85.95 

83.95 

86.15 

June 7. 

83.20 

81.85 

84.00 

81.80 

79.85 

79.70 

82.25 

July 2. 

73.90 



77.90 


76.85 

72.80 









Second growth 


July 24. 

88.20 

84.15 

86.90 

86.05 

86,10 

82.05 

August 7. 

82.90 

84.80 

77.85 

75.25 

77.25 

74.75 

Full bloom. 




67.60 


67.90 









Greater amounts of calcium were present in the woody tissue of second 
growth alfalfa leaves than in that of the stems. This is the reverse of what was 
found for alfalfa of the first crop. 

Table 12 includes data showing the amounts of magnesium in the woody 
tissue of second growth alfalfa stems and leaves. Greater amounts of mag¬ 
nesium were present in the leaves of the young plants, but more was deposited 
in the tissue of the stems as the plants became older, resulting in a greater 
quantity in the woody tissue of the stems at full bloom. Magnesium was 
added to the woody tissue of both stems and leaves in every instance. 

More magnesium was found in the woody tissue of the stems of the second 
crop at full bloom than in that of the first crop stems. In the young plants, 
however, there was little difference in the amounts present in the two crops 
and a remarkable agreement is evident in the data of tables 10 and 12 relative 
to this early growth. 
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Greater amounts of magnesium were present in the woody tissue of second 
growth leaves than in that of first growth leaves throughout the growth period, 
and more magnesium was deposited in second crop leaves as the plants became 
older. 

Smaller amounts of magnesium and of calcium were always present in the 
woody tissue of both stems and leaves of the second crop of alfalfa than in 
that of the stems and leaves of the first crop. 

Relationship of soil type to additional characteristics of the alfalfa plant 

Great uniformity is shown in the moisture contents of alfalfa stems and 
leaves grown on the different soil types by the data presented in table 13. 

TABLE 14 


Moisture content of first and second growth alfalfa leaves at different stages of growth and on 

different soil types 
Per cent on dry basis 



SOIL TYPE 

DATE OS SAMPLINGS 


3 

JU- 



2 



Colons 

I 

(U 

1 

Fox 

I 

ja 

i 

1 


First growth 


May 8. 

May 22. 

June 7. 

Tulv 2.. 

77.03 

79.73 

78.40 

75.95 

81.26 

82.30 

81.40 

76.85 

78.75 

79.05 

78.15 

77.45 

77.62 

79.10 

77.65 

75.45 

78.57 

79.60 

77.35 

77.15 

76.95 

76.25 

73.60 

77.75 

76.40 

77.10 

72.70 



Second growth 

July 24. 

82.20 


81.70 

80.30 

79.85 


79.55 

August 7. 

80.75 

79.45 

78.45 

74.95 

78.05 

75.45 


Full bloom.. 

72.00 



68.85 


71.65 

72.05 



KB 

. 





Although the moisture content of stems and leaves grown on Plainfield soil 
was usually the greatest and that of stems and leaves grown on Brookston 
soil was usually lowest, the differences between the two were not great at any 
stage of growth. Although it is recognized that there were not large differences 
in the moisture contents of the stems and leaves grown on the several soil 
types, yet some interesting variations which appear to be related to soil type 
differences, will be pointed out in the following discussion. 

Greater percentages of moisture were present in the stems than in the 
leaves of alfalfa when the plants were young. The moisture content of both 
stans and leaves decreased as the plants became older, it being noticeably less 
at full bloom than in the very young materials. An increase in moisture was 
noted on almost every soil type for both stems and leaves at the sampling 
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made on May 22. After this date the decrease in moisture content was quite 
uniform on all of the soil types. 

The moisture content of the stems grown on the different soil types was about 
equal when the plants were very young; but there was a greater decrease in the 
amount of moisture in the stems grown on the light soils as the season ad¬ 
vanced, resulting in a generally lower moisture content at full bloom in these 
as compared with the stems grown on the heavy soils. 

Contrary to what was found for the stems of alfalfa, the decrease of moisture 
in the leaves as the growth period advanced was slower on the sandy soils than 
on the heavy soils. This resulted not only in the fact that the moisture 
content was higher in the leaves on sandy soils at the full bloom stage but also 
in the fact that the leaves on sandy soils decreased slowly enough in moisture 
that they contained more than did the stems at the full bloom stage. This 


TABLE 15 

Specific gravity of expressed juice offirst growth alfalfa stems and leaves at different stages of growth 
Specific gravity of distilled water = 1.000 


son. TYPE 

STAGE OF GROWTH 

May 22* 

June 6 

July 2 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Plainfield. 

1.023 

1.035 


1.041 

mm 

1.046 

Coloma. 

1.023 

1.037 

1.029 

1.044 

mm 

1.054 

Hillsdale. 

1.020 

1.041 

1.030 

1.046 

B 

1.056 

Conover... 

1.026 

1.046 

1.034 

1.054 

■MM 


Fox. 

1.031 

1.046 

1.034 

1.052 

1.032 

1.060 

Brookston. 

1.032 

1.048 

1.040 

1.052 

1.034 

1.054 

Miami. 

1.030 

1.047 

1.034 

1.052 

1.038 

1.058 


* Data not obtained for first sampling. 


was not true of leaves grown on the heavy soil types, whose moisture contents 
were always lower than those of the stems. 

Noticeably greater amounts of moisture were present in the second growth 
alfalfa plants (table 14) than were present in those of the first growth when the 
plants were very young. But at the full bloom stage the amount of moisture 
was greater in the first growth alfalfa plants. There appeared to be no rela¬ 
tionship between soil type and the moisture content in the second growth 
alfalfa. Although Brookston stems were still lowest in moisture, Plainfield 
stems and leaves were no longer highest. 

Much greater amounts of moisture were present in the stems of young second 
growth alfalfa than were present in the leaves. A much greater decrease took 
place, however, in the moisture content of the stems during the growth period 
than occurred with the leaves and, as a result, the moisture content at full 
bloom was greatest in the leaves on all the types studied. 
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The specific gravity of the expressed juice of first growth alfalfa stems and leaves at 
different stages of growth , and its relationship to soil types 

The specific gravities of the expressed juice of first growth alfalfa steins and 
leaves at different stages of growth are shown in table IS. Here it is evident 
that the specific gravity was much greater for the juice of alfalfa leaves than 
it was for that of stems at all stages of growth. 

As the alfalfa plants became older, the specific gravity of the expressed juice 
of the leaves increased in an almost arithmetical progression on all of the soil 
types studied. This increase is rapid throughout the period of growth, and 
agrees rather closely with the increase noted in the calcium and magnesium 
content of the juice of the leaves. 

An increase at early growth was observed in the specific gravity of the juice 
of alfalfa stems almost identical to that observed for the leaves, but on only 


TABLE 16 

Specific gravity of expressed juice of second growth alfalfa stems and leaves at different stages of 
growth and on different soil types 
Specific gravity of distilled water = 1.000 


SOIL TYPI 


Stage of growth 



August 7 

Maturity 

August 7 

Maturity 

Plainfield... 

mgm 


1.040 


Coloma. 

■gffl 

1.040 

1.036 

1.072 




1.042 


Fox. 

K9 

1.048 

1.048 

1.082 

Conover... 



1.045 


Brookston. 

n 9 

1.044 

1.050 

1.068 


two soil types was the increase uniform throughout the growth period. On the 
remaining soil types the specific gravity either increased very slowly to full 
bloom or decreased more or less rapidly until it was but slightly higher than 
that observed in the young plants. Any increase or decrease in the specific 
gravity of the juice of alfalfa stems did not correspond uniformly to similar 
increases or decreases in the calcium and magnesium content of the juice of 
stems as given previously, although on three of the soil types, Plainfield, Miami 
and Brookston, there was an agreement. 

Marked differences were found in the specific gravities of the juice from stems 
and leaves of plants grown on the soils of different texture. Table IS shows 
that the specific gravity of the juice of both stems and leaves of plants grown on 
heavy soils was much higher than that of stems and leaves grown on the light 
soils. This is in general agreement with the data obtained in regard to the 
calcium and magnesium content of the juice of the stems and leaves, and it 
would appear, therefore, that these elements were largely responsible for the 
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specific gravity of the juice. Deviations from this were no doubt due to the 
presence of other cations which probably varied in amount in the plants grown 
on the different soil types. 

In table 16 is given the specific gravity of the juice of second growth stems 
and leaves, which was much higher in the full bloom stage than in the case of 
first crop alfalfa. There was little difference in the values of the two crops 
when the plants were young, and therefore the increase in specific gravity of the 
juice as the growth period advanced was much more rapid in second cutting 
plants. Here, as was found in the first crop, it appears that there was rather 
a dose agreement between the specific gravity of the juice and its caldum and 
magnesium content, and that these elements were important in determining 
the specific gravity. This does not lose sight of the fact that other cations were 
also present, and these may account for the irregularities which were noted. 


TABLE 17 

Proportion of leaves and stems of alfalfa at budding stage on different soil types 
Per cent green material 


PART OS PLANT 

son. TYPE 

Plainfield 

Coloma 

Hillsdale 

Fox 

Conover 

Brookston 

Miami 

Leaves. 

1 

m 

65.4 

34.6 

61.1 

38.9 

59.1 

40.9 


61.1 

38.9 

Stems. 



There appeared to be no relationship between soil texture and the spetific 
gravity of the juice of leaves and stems of second cutting alfalfa. 

Proportions of stems and leaves in the alfalfa plant as affected by soil type 

Some variations occurred in the proportion of stems and leaves of the 
alfalfa plants grown on different soil types at the time buds were appearing. 
Widstoe (23) found that as the period of growth advanced, the percentage of 
leaves increased. It is noticeable in table 17 that the percentage of leaves was 
greater on the plants grown on Plainfield, Hillsdale, Fox, and Miami soils, 
but it is entirely possible that this was due to a more advanced stage of growth 
on these types; throughout this work, a more luxuriant growth was observed on 
these soil types and it may be that the budding stage was a few days more 
advanced than on the other types. Strength is added to this supposition by the 
fact that the growth was always slowest on Brookston, and here the proportion 
of leaves was lowest. 

Considering these facts, it is probable that there was little difference in the 
percentages of leaves and stems grown on the different soil types and it is also 
, evident that soil texture did not influence it. 


1 
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Variations in the composition of the alfalfa plant at different hours of the day 

Differences in the rate of transpiration and in the physiological activity 
of the plant occur at different hours of the 24-hour cycle. In order to deter¬ 
mine what variations occur in the factors studied in this work, samples of 
alfalfa grown on Hillsdale sandy loam were taken at 4-hour intervals during 
the 24-hour day. 

That considerable variation occurred in the calcium and magnesium content 
and in the moisture content of alfalfa stems and leaves at different times of the 
day is shown by figure 1. These three substances showed a remarkable cor¬ 
relation, a rise or a fall in one being accompanied by almost a proportionate 
rise or fall in the other two. 

In the case of the stems a rather sharp rise in the calcium, magnesium, and 
moisture content took place in the period of time from 4 until 8 a.m. After 
8 o’clock a marked depression occurred and continued until 4 p.m. or even until 
8 p.m. During the 4-hour period between 8 p.m. and midnight, there was a 
sharp rise in the amounts of moisture, calcium, and magnesium present. 

The moisture content of the leaves nearly paralleled that of the stems during 
the 24-hour period, but its relationship to the calcium and magnesium content 
of the leaves was not so exact as was noted for stems. During the 4-hour period 
from 4 until 8 a.m. there was an increase in the moisture content but a decrease 
in the amount of calcium and magnesium. Also during the 4-hour period 
between noon and 4 p.m. there was a decrease in the moisture content but an 
increase in the calcium and magnesium content. 

At 4 p.m. the lowest moisture content was reached for the leaves and at noon 
the lowest content of calcium and magnesium was reached. Greater variation 
in the composition of the leaves took place between 4 a.m. and noon, and the 
least between noon and 8 p.m. 

Variations occurring in the specific gravity and in the calcium and mag¬ 
nesium content of the expressed juice of alfalfa stems and leaves are given in 
figure 2. For the juice of the stems, the lowest specific gravity occurred at 
8 a.m., after which there was a rise until noon and then a constant value 
maintained until midnight. A decrease in the calcium and magnesium content 
of the juice also occurred at 8 a.m., followed by a rise lasting until 4 p.m. 

Greater variations took place in the specific gravity, the calcium content, 
and the magnesium content between 8 a.m. and noon than during any other 
4-hour period. 

Figure 2 also shows variations taking place in the specific gravity and in the 
calcium and magnesium content of the expressed juice of alfalfa leaves during 
the 24-hour cycle. Somewhat the same trend was taken by the varying values 
for the leaves as was observed for the stems, the low points occurring at 8 a.m., 
followed by increases during the middle of the day. 

The greatest variation in specific gravity and in the calcium content oc¬ 
curred from 8 a.m. until noon, followed by a uniform period from noon to 







PHYSIOLOGICAL CHARACTERS OP THE ALFALFA PLANT 


229 


4 p.m. The magnesium content was singularly uniform during the entire day 
in the expressed juice of alfalfa leaves. 

The concentration of calcium and magnesium in the juice of st ems and 
leaves varied inversely as the amounts of these present in the tissue at different 
times of the day. However, the variations in concentration of the juice were 
accompanied by like changes in the specific gravity and by unlike changes in 
the amounts of moisture present in the green material. Since it has been 
established that a large part of the calcium and magnesium present in the tissue 
is due to that contained in the juice, a reduction in the juice, even though 
accompanied by an increased concentration, would bring about a decrease of 
these elements in the tissue. Evidently this is what occurred to cause a 
decrease of the two elements in the tissue simultaneously with the decrease in 
moisture. 

SUMMARY AND CONCLUSIONS 

Alfalfa stems and leaves and the expressed juice of alfalfa stems and leaves 
grown on seven soil types were analyzed for calcium and magnesium at differ¬ 
ent stages of growth. The moisture content and the specific gravity of the 
expressed juice were determined. The proportion of stems and leaves and the 
effect of time of day on the composition of the alfalfa plant were determined. 
In addition, the amounts of calcium and magnesium present in the woody 
tissue of the leaves and stems free of the amounts in the liquid portion of the 
plants were determined in very young and in mature plants. 

• There were marked differences in the calcium and magnesium contents of 
alfalfa stems and leaves, and of their expressed juice in the plants grown on the 
different soil types. Likewise marked differences were found in the specific 
gravity of the juice of stems and leaves and slight differences in the amounts 
of moisture, present in them when obtained from the different soil types. 

Generally the calcium content was higher in the dry tissue and in the ex¬ 
pressed juice of alfalfa stems and leaves grown on the heavy soil types studied. 
Sandy loams, however, gave a higher calcium content in these than did the 
heavier loams. 

Soil type had less influence on the second crop than on the first and the effect 
of soil texture became practically negligible in the second crop. It would 
appear that with the continued growth of the plants, changes which equalized 
the facilities with which the plants were able to obtain their supply of calcium 
and magnesium, had occurred in the soils, resulting in a uniformity of composi¬ 
tion (in respect to these elements) of the plants from the different soil types. 

No consistent relationship appeared to exist at any time between the texture 
of the soil and the magnesium content of the alfalfa plant. 

More calcium was present in the tissue and in the juice of the alfalfa leaves 
than in the tissue and in the juice of the stems. 

About equal amounts of magnesium were present in the tissue of leaves and 
stems and also in their juice. 
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More calcium than magnesium was always present in the tissue and the 
juice of both the stems and the leaves. 

There was either an increase or a decrease in the calcium content of the 
tissue and of the juice of first growth alfalfa stems as the plants became older, 
but there was only a decrease in the calcium content of the tissue and juice of 
second growth stems as the plants advanced in age. 

The magnesium content of the tissue of first and second growth alfalfa stems 
decreased as the plants became more mature. 

The calcium content increased in the tissue and in the juice of leaves of the 
first and second crops of alfalfa as the plants grew older. 

With the advance of the growth period, the magnesium content increased 
in the tissue of first growth alfalfa leaves but decreased in the tissue of the 
leaves of the second growth. 

Greater concentrations of magnesium were usually present in the juice of 
more mature leaves and stems than in that of the young leaves and stems of 
both the first and second crops. 

The calcium content was higher in the stems and in the young leaves of 
second growth alfalfa than in the first growth. The content of calcium was 
higher in mature leaves of first crop alfalfa than in the mature leaves of the 
second growth. 

About equal percentages of magnesium were present in the stems and leaves 
of first and second growth alfalfa and likewise the concentrations of calcium 
and magnesium were about equal in the juice of stems and leaves of both 
cuttings of alfalfa. 

Large amounts of calcium were deposited in the woody tissue of alfalfa stems 
as the plants advanced in age, and greater amounts were added to the stem 
tissue of the second growth than to that of the first growth. 

In the first crop of alfalfa, calcium was added to the woody tissue of the 
leaves on some of the soil types as the growth period advanced, whereas on other 
soil types it was removed from the woody tissue. In the second crop calcium 
was always added to the woody tissue of the leaves. 

Greater amounts of calcium were usually present in woody tissue of alfalfa 
stems than in that of the leaves, and more was deposited in the woody tissue 
of the stems than in that of the leaves as the period of growth advanced. 

Soil type influenced the amount of calcium in the woody tissue of alfalfa 
stems and leaves. In the early stage of growth the calcium content was low 
in the woody tissue of stems grown on light soil and low in the tissue of the 
leaves grown on heavy soils, whereas at maturity the calcium content of the 
woody tissue of stems was low on the heavy soils and in that of leaves it was 
low on the light soils. 

Much smaller amounts of magnesium than of calcium were present in the 
woody tissue of first growth al f alfa stems, whereas the amounts of calcium 
and magnesium were about equal in the woody tissue of leaves. 

In second growth alfalfa, greater amounts of calcium than of magnesium 
were present in the woody tissue of both stems and leaves. 
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In first growth alfalfa, the amount of magnesium in the woody tissue of 
stems and leaves was either decreased or increased as the plants became older. 
In the second crop it always increased in both stems and leaves. 

The amount of magnesium in the woody tissue of stems and leaves of both 
the first and the second crops of alfalfa varied on the different soil types but 
it did not appear to depend on soil texture. 

Greater amounts of magnesium were present in the woody tissue of st ems 
and leaves of second growth alfalfa than in that of the first crop. It appears 
that the calcium and magnesium present in the plant material were largely 
due to that contained in the juice of the plant and not incorporated in the 
tissue itself. 

The moisture content of alfalfa stems and leaves decreased as the plants 
became more mature. 

More moisture was present in the stems than in the leaves of alfalfa when 
the plants were young but it became about equal, or slightly greater in the 
leaves, as the plants advanced in age, especially in the second crop. 

Greater moisture content occurred in the stems and leaves of the second 
crop than of the first crop of alfalfa when the plants were young, but when the 
plants became older there was more present in first growth stems and leaves. 

Soil type apparently was related to some changes which occurred in the 
moisture content of alfalfa as the growth period advanced. 

Greater specific gravity was possessed by the expressed juice of alfalfa leaves 
than of stems. 

The specific gravity of the juice of alfalfa stems increased for a period and 
then usually decreased to maturity. That of the juice of alfalfa leaves in¬ 
creased in an arithmetical progression during the growth period. 

The specific gravity of the juice of both stems and leaves was noticeably 
greater in plants on heavy soil types. 

The specific gravity of the juice of second growth alfalfa stems and leaves 
was much greater than that of the juice of first growth stems and leaves. 

The specific gravity of the juice of the stems and leaves of both crops ap¬ 
peared to conform very closely to the calcium and magnesium content, showing 
that these cations were important in determining it. 

The ratio of stems to leaves was about equal on the different soil types at 
the budding stage. 

The calcium, magnesium, and moisture content of alfalfa stems and leaves 
varied at different hours during the day. This was also true of the calcium 
and magnesium contents and the specific gravity of the expressed juice of stems 
and leaves. 

The percentages of calcium and magnesium in the tissue of stems and leaves 
varied almost inversely as the concentration of these in the juice of the stems 
and leaves at different hours of the day, probably because of differences in the 
amounts of juice present in the tissue as a result of changes in the moisture 
content. 

The most satisfactory time to obtain alfalfa samples in order to e limi nate 
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variations due to time of day lies between noon and 4 pan. The least satis¬ 
factory time lies between 8 a.m. and noon. 
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In a co mm u n ication (1) published nine years ago, the following statement 
was made: 

Water is one of the best indices of the physical characteristics of soil. Texture, structure 
colloidal and organic contents, surface activation, etc., tend to be revealed by the behavior 
of the soil toward water. Heat of wetting, moisture retentiveness, unfree water, etc., are 
mainly the resultant and expression of these characteristics. 

After nine years of further study along these lines, the writer still believes 
that water affords probably the best index of the physical characteristics of 
the soil. The behavior of a soil toward water probably gives truer and more 
comprehensive composite information concerning the physical characteristics 
of that soil than the behavior of the same soil toward any other agent. This 
is probably due to two main factors: first, water, besides being the most 
natural and universal reagent, is also the chief natural agent by which the soil 
has been formed; second, most of the physical properties of the soil run 
parallel with its behavior toward water—for instance, the finer the texture of 
a soil, the greater is its hygroscopic water, absorption-adsorption of water, 
water holding capacity, capillary movement of water, evaporation of water, 
unfree water, wilting coefficient of plants, and shrinkage of soils. In the same 
parallel direction the greater the organic matter content is in a soil, the greater 
will be its hygroscopic water, absorption-adsorption of water, water holding 
capacity, capillary movement of water, evaporation of water, unfree water, 
wilting coefficient of plants, and shrinkage of soils. Here, therefore, the 
texture of mineral soils and the content of organic matter are not opposed 
in the behavior of a natural soil toward water. 

On the other hand, if a single property of soils, such as plasticity, is 
used as an index of the general characterization of soils, we find that texture 
of mineral soils and organic matter content are opposed, and consequently 
plasticity and the other physical properties of soils do not run parallel, as in 
the case of water. For instance, the finer the texture is in a mineral soil, 
the greater will be its plasticity. On the other hand the greater the organic 
matter content is in a soil, the smaller will be its plasticity. 
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After the development of the hydrometer method (2, 4) for determining 
the colloidal content of soils and also for making a mechanical analysis of soils 
in only fifteen minutes, some single value factor was desired which would be 
simple, rapid, and reliable to accompany and complement the hydrometer 
method. Furthermore, it was desired to see whether the results of the 
hydrometer method could be summarized in a composite form in some single 
value factor. 

In the belief, as already stated, that in the agent of water, or in the rela¬ 
tionship of soil to water, resided the greatest possibility of discovering this 
single value factor, all efforts were concentrated in this direction. 

The relationship between soil and water that was first considered, was the 
maximum total water holding capacity of soils. It was thought that if a 
method such as that of Hilgard (7), could give a reliable and truly comparable 
value of water holding power between different soils, it would serve as an 
excellent single value factor of summarizing most of the physical properties 
of soils. Unfortunately, however, Hilgard’s method for determining the 
maximum moisture holding power of soils is most unreliable and extremely 
erroneous, and should not be used in its original form. The surface tension 
forces on the bottom of the cup tend to prevent a thorough drainage of the 
soil, and a considerable and variable amount of water is held back. 

The next relationship of soil to water that was considered and carefully 
examined was the moisture equivalent factor as proposed and determined by 
Briggs and McLane (5, 6). This relationship would seem to afford a splendid 
single value factor. But unfortunately, here again, the method for obtaining 
the relationship is not accurate and probably does not give a truly comparable 
result for the soils of different textures. Here are the difficulties that have 
been encountered with the method at this laboratory: 1. In the case of heavy 
clays, especially the sticky type, the centrifugal force compacts the layer of 
soil to such an extent that the water is not thrown out but collects at the top 
of the layer. Consequently the results of such soils are not truly comparable 
with those of soils which allow the water to get out easily by the centrifugal 
force. That the results for different soils may not be truly comparable, 
would seem to be borne out by the examination of some data recently published 
by Professor Lebedeff (8). Professor Lebedeff employed widely different centrif¬ 
ugal speeds to obtain the moisture equivalent of soils. When soil 1 (table 3), 
which must be a clay, and soil 7, which is Sassafrass silt loam, were centrifuged 
for 50 minutes at 400 g (g is the acceleration of gravitation), soil 1 had a 
moisture content of 47.9 per cent and soil 7, 25.6 per cent Now when these 
two soils were again centrifuged one minute at 70,000 g, the moisture content 
of soil 1 was reduced to 34.6 per cent, whereas the moisture content of soil 7 
was reduced to only 7.1. By calculating the difference of moisture of the 
same soils at the two different speeds of centrifuging, it is found that soil 1 
lost only 27.76 per cent more water when it was centrifuged at 70,000 g, while 
soil 7 lost 72.30 per cent. It is common knowledge that coarse textured soils 
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hold water with much smaller forces than fine textured soils. Consequently 
it would be logical to expect that the coarse textured soils would lose their 
water more easily at 400 g than the fine textured soils. Therefore, soil 7 
should have lost proportionally much greater water at this force th an soil 1 
and at the centrifugal force of 70,000, soil 1 should have lost much more water 
than soil 7. But the results are just the opposite, and the explanation for 
this would seem to be that the clay soil (no. 1) becomes so compact as a 
result of the centrifugal force, that it is mechanically unable to give up all 
the water that it should under those forces, whereas soil 7 being of a coarser 
texture, does not present the same mechanical difficulty. Consequently it 
loses all the water that it should under those gravitational forces. 

Several other single value factors were next considered, such as the wilting 
coefficient, hygroscopic coefficient, and vapor adsorption, but they were all 
finally abandoned as being impractical either because they were not sufficiently 
accurate and reliable, or because of the enormous length of time they required, 
or both. 

It was finally decided to search for some new method to be used as a single 
value factor to accompany and complement the hydrometer method, a method 
that should still have water for its basis. 

It seemed at the outset that a possible combination or modification of the 
maximum moisture content method and the moisture equivalent method 
might yield the desired new method. It was thought, therefore, that instead 
of applying centrifugal force to pull out the water from the soils, the same 
thing might be better accomplished by suction or vacuum forces. It was 
argued that the suction or vacuum forces would not compact the soils, and 
consequently the water would come out as easily in clay soils as in sandy soils, 
and the results, therefore, would be truly comparable for these different 
textured soils. 

It is the object of this paper, therefore, to present a new, simple, and re¬ 
liable method for determining the moisture equivalent of soils, which might be 
used as a single value factor and also to show what relationship the results of 
this method bear to the results obtained by the hydrometer method in the 
mechanical analysis of soils. 

DESCRIPTION OF METHOD 

The principle of the method is based upon the pulling out of water from 
soils by suction or vacuum forces. With this principle in mind one can use 
almost any method, provided it is standardized so as to give consistent and 
comparable results. The method that was worked out and finally adopted 
consists of connecting a Btichner funnel with a suction flask, placing a sample 
of soil into the funnel with a filter paper at the bottom, thoroughly soaking 
the soil with water, connecting the flask to the suction pipe on the faucet, 
and then allowing the suction force from the running water to operate on the 
soil for a definite length of time. The actual set-up of the apparatus is shown 
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in plate 1. The funnel is small—4.3 cm. in diameter and 2 cm. deep. The 
filter paper that fits this funnel is 4.25 cm. The funnel was about three- 
fourths filled with soil, then filled to the top with water. Water was added 
until the soil seemed to be completely soaked. Then the suction was applied 
to the soil and more water added to it until it was well settled. The suction 
pulled the water from the soil very rapidly, and after the first four or five 
minutes the water drained very slowly. For purposes of comparison, a 
period of 10 minutes, beginning when all the standing water had disappeared 
from the top of the soil, was allowed for all soils to drain under suction. 
Although the water did not stop draining at the end of 10 minutes, it slowed 
down so much that two min utes or longer were necessary for one drop to 
come through. Many trials showed that if a soil was drained for much longer 
periods, in some cases 50 minutes, the results would not be very different, 
provided evaporation was prevented. 

It was found that it was not necessary to take a definite quantity of the 
various soils. For trials, the amount of soil used was varied considerably but 
the results did not show any definite relationship to the amount of soil used. 

In order to prevent evaporation during the suction process, the funnel was 
covered with a moist thick cloth. This moist cloth served two purposes— 
prevented direct evaporation, and tended to moisten the air that was drawn 
into the soil. 

The heavier types of soil have a tendency to crack when they are drained, 
and it would seem that this might affect the results. Investigation showed, 
however, that this cracking has no apparent effect on the results, as the same 
results are obtained when the cracks are prevented from occurring or being 
filled with extra soil. 

Probably the two factors that are likely to cause the most error or dis¬ 
agreement in the results are the preparation of the soil sample and the tem¬ 
perature of the water. 

As would be expected, it was found that very fine grinding of the soil sample 
increased its water retaining power, and in some soils much more than in 
others. The soil samples, therefore, should be used as much in their natural 
textural condition as possible. The practice that was followed and one that 
seems to be an excellent one, was to place lumps of the soil in the funnel and 
then let the water slack these lumps. In this way the soils tended to retain 
their natural texture, and errors arising from this factor were greatly 
diminished. Where it is necessary to screen, the soil should be broken up 
with the fingers. 

Although it has been stated that the soils should be in as natural a condition 
as possible, it was found that they have to be dry to be used satisfactorily. 
This is due mainly to the fact that in the moist condition the soils do not slack 
(7) and consequently do not become thoroughly soaked. Hence, the soils 
should always be air-dried before using. 

The temperature of the water, both in the soil and in the flask, has some 
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influence on the results. This would be naturally expected because tem¬ 
perature affects both the viscosity of water and the degree of vacuum 
produced. It is well known that the lowest exhaust pressure obtainable is 
usually considered to be limited by the vapor pressure of water. The best 
and most consistent results, therefore, were obtained when the temperature 
of the water remained about the same for the different experiments. Probably 
the best way to mai n tain an even temperature is to let the tap water run for 


TABLE i 

Percentage of moisture equivalent, colloidal content , and relationship between these two sets of 
results for the various kinds of soil 


SOILS 

PERCENTAGE OP 
COLLOIDS 

PERCENTAGE OP 
WATER! 

__ WATER 

’ COLLOIDS 


per cent 

per cent 


Strongs sandy loam Ax. 

10.7 

5.8 

0.557 

Strongs sandy loam Bi.’. 

27.00 

14.02 

0.519 

Calumet sand. 

8.70 

5.60 

0.644 

Michigan sand C. 

8.5 

5.74 

0.675 

Michigan sand C. 

14.0 

9.27 

0.662 

Fox loam B*. 

18.08 

11.95 

0.657 

Onaway loam Ax. 

11.69 

7.42 

0.634 

Stalwart loam Ax. 

24.22 

12.62 

0.521 

Ontonagon silt loam Aa. 

63.82 

32.70 

0.512 

California Yolo day loam. 

53.94 

35.10 

0.651 

California Yolo day.i 

56.80 

35.16 

0.618 

Brookston day loam Aa. 

38.90 

22.35 

0.573 

Greenville day loam B. 

46.30 

23.63 

0.510 

Cedi clay loam B. 

61.50 

36.60 

0.595 

Manor schist loam Bx. 

46.00 

31.75 

0.689 

Manor schist loam B*. 

32.4 

22.45 

0.691 

Michigan silt loam. 

36.00 

19.00 

0.528 

Wabash day. 

54.20 

38.50 

0.710 

Cass day..... 

44.00 

29.00 

0.659 

Minnesota Clyde silt loam. 

36.00 

26.15 

0.713 

Bremer day. 

55.40 

38.20 

0.689 

Minnesota Carrington silt loam. 

51.00 

35.00 

0.686 

Average.-. 

0.6224 



a while until it reaches its normal temperature and then use this water for 
soaking the soil as well as for the suction purpose. 

As already stated, the vacuum pressure attained in a water jet pump is con¬ 
sidered to be limited by the vapor pressure of the water. The pressure or 
the force with which the water jet runs also affects the vacuum pressure. As 
a rule, however, the pressure of the water in any one water system is not 
likely to vary very considerably from day to day and if the running water is 
allowed to attain its normal temperature, there should not be much error 
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caused by this vacuum pressure system recommended here. In the different 
laboratories the pressure and temperature of the water may be different, but 
as long as they remain about the same for the different experiments, the com¬ 
parison for the soils studied will be true. 

The vacuum pressure that was obtained in the water system in this labora¬ 
tory was about 20 mm. and remained quite constant from day to day. The 
temperature of the tap water was about 15°C. Consequently all the experi¬ 
ments received about the same degree of suction. 

The method is quite rapid. The longest time in the procedure is taken 
up in soaking the soils. The length of time spent may be greatly reduced, 
however, by using two or three sets of apparatus, so that while one soil is 
being suctioned, one or two soils are being soaked. With the exception of 
some unusual soils, about 20 minutes is sufficient for them to soak quite com¬ 
pletely (3). 

Of course it is probably needless to state that this method is empirical, 
but an empirical method, if it is reliable reduces to a common basis and 
gives a true comparison, is as valuable as an absolute method as far as the 
real comparison is concerned. 

It appears from the study this method has received, that it is quite reliable 
and gives a fairly true comparison of the moisture equivalents or the com¬ 
parative water holding powers of the different soils. It also appears to give 
a truer comparison between the different textured soils than the Briggs and 
McLane method, and it is also simpler, more practical, and infinitely more 
available. If all the precautions stated above are observed, the results can 
be duplicated within about one per cent. 

EXPERIMENTAL DATA 

Table 1 shows the percentage of water that the different types of soils 
retain under the experimental conditions already set forth, the percentage of 
colloidal material of these soils as determined by the hydrometer method at the 
end of IS minutes, and also the ratio of the percentages of moisture and of 
colloids for each soil. 

The percentages of water and of colloids vary widely for the different soils, 
and both tend to be high with fine textured soils and low with coarse textured 
soils. The significance of these two sets of results, however, is revealed in 
the ratio figures. Here it is shown that when the percentage of water is 
divided by the percentage of colloids a ratio is obtained which, taking all 
factors into consideration, is remarkably close for all the different types of 
soils, such as coarse sand, heavy clay, high silt content, high organic matter 
content, no organic matter content, and high iron content. This ratio varies 
from 0.510 to r 0.713, with an average of 0.6224. The majority of the soils 
have a ratio dose to this average. If the vacuum pressure method for ob¬ 
taining the moisture equivalent and the hydrometer method for obtaining 
the colloidal content would give perfectly true results for all soils, this ratio 
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would be even closer. It is known, however, that with some rather unusual 
soils these methods may not give exactly true results. For instance, if a 
soil is exceedingly difficult to disperse, the hydrometer method will not give 
its true colloidal content. Furthermore, an error of 2 or 3 per cent in either 
method makes quite an appreciable difference in this ratio. These variations 
in the ratio should not prevent the realization and acceptance of the fact 
that there is a real and unmistakably close relationship between the colloidal 
and the moisture contents of a soil. 

The results also show that the controlling factor in the moisture equivalent 
is the colloidal content because there is no relationship between the coarse 
silt, sand and the moisture equivalent. 

The moisture equivalent as obtained by the new vacuum pressure method 
and the colloidal content as obtained by the hydrometer method, besides 
showing a real and interdependent relationship, also show that the new 
moisture equivalent method is reliable, accurate, and tends to give true com¬ 
parative results for the different kinds of soils. 

This relationship reveals one more significant thing, that the hydrometer 
method for determining colloids, the heat of wetting method for determining 
colloids (2) and the vacuum pressure method for determining the moisture 
equivalent of soils are fundamentally sound and correct; at least they give 
true comparative results for all soils. When these three different methods, 
which are based upon entirely different principles, agree so remarkably well in 
their results on all kinds of soils, what better proof is needed of their funda¬ 
mental soundness and correctness? The remarkable agreement of these 
three entirely different methods is exceedingly significant. 

Since the relationship between colloidal content and moisture equivalent is 
so dose, when one result is known the other can be calculated from the average 
ratio. For instance, one knows the colloidal content, the moisture equivalent 
can be obtained by multiplying the colloidal content with the ratio. If, on 
the other hand, only the moisture is known, then the colloidal content can be 
obtained by dividing the percentage of moisture by the ratio. Those who 
are using the hydrometer method can safely employ the factor 0.6224 for 
determining the comparative moisture equivalent of soils without experimen¬ 
tally determining this factor themselves. 

From the foregoing experimental results, it becomes very apparent that 
both the new moisture equivalent method and the hydrometer method are 
sound and reliable for “single value” determinations. Of the two, however, 
the hydrometer method is by far the better. In the first place, besides giving 
the moisture equivalent of soils, it gives also the mechanical analysis of soils, 
which includes the percentage of sand, silt, and colloids or day. When the 
mechanical analysis is known, much information is known about many other 
properties of soils. Secondly, the hydrometer method is more absolute than 
the new moisture equivalent method; that is, different workers will get the 
same result on any one soil under a variety of conditions if directions are 
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closely followed, whereas with the moisture equivalent method the different 
workers may not get the same result on any one soil, because they may be 
dealing with different temperatures and different vacuum pressures. The 
results of all soils in any single laboratory, however, will be truly comparable. 

The hydrometer method for the study of soils offers greater opportunities 
and possibilities than have been realized. 

SUMMARY 

A new method has been developed for determining the moisture equivalent 
or comparative moisture holding power of soils. 

The principle of this method is based upon the pulling of water from the 
soil by vacuum pressure forces instead of by centrifugal forces. 

The method is simple, rapid, accurate, reliable, and infinitely more available 
than the centrifugal method. 

The results obtained by this method show that there is a remarkably close 
relationship between the moisture equivalent and the colloidal content of soils 
as determined by the hydrometer method. There is, however, no relation¬ 
ship between coarse silt and sand and the moisture equivalent. 

It is shown that the moisture equivalent or comparative moisture holding 
powers of the different soils can be indirectly determined by the hydrometer 
method. 

It is also shown that the hydrometer method may be used to obtain “single 
value” factors for summarizing the various physical properties of soils. 

The hydrometer method has inherently great possibilities for the study 
of soils. 


REFERENCES 

(1) Bouyoucos, G. J. 1922 Relation between heat of wetting, moisture equivalent, and 

unfree water. Soil Sd. 14: 431-434. 

(2) Bouyoucos, G. J. 1927 The hydrometer as a new and rapid method for detennining 

the colloidal content of soils. Soil Set . 23: 319-331. 

(3) Bouyoucos, G. J. 1927 Texture and structure of soils as influenced by chemical 

agents. Amer. Soc . Agron. 19: 788-797. 

(4) Bouyoucos, G. J. 1928 Making mechanical analysis of soils in fifteen minutes. 

Soil Set. 25 : 473-480. 

(5) Briggs, L. J., and McLane, J. W. 1907 The moisture equivalent of soils. U. S. 

Dept Agr. Bur. Soils. Bui. 10. 

(6) Briggs, L. J., and McLane, J. W. 1910 Moisture equivalent determinations and 

their application. Proc . Amer. Soc . Agron. 2: 138-147. 

(7) BEelgard, E. W. 1914 Soils. New York. 

(8) LebKdeee, A. F. 1928 Determination of the maximum molecular water capacity 

of the soil by means of centrifuging and characteristics of mechanical properties 
of soil by determining the maximum molecular water capacity. Pedology 1-2: 
49-69. 

PLATE 1 

: Apparatus Used in Determining the Moisture Equivalent or Soils 





REPAIR OF SOIL FILTER TUBES 

G. J. LARSINOS and A. B. BEAUMONT 
Massachusetts Agricultural Experiment Station 
Received for publication December 20, 1928 

It is the common experience of soil analysts that the Chamberland-Pasteur 
unglazed porcelain filter tube used in making aqueous extracts of soils breaks 
rather easily. The break usually occurs near the juncture of the unglazed 
tube and the glazed nipple. The tube may be easily and inexpensively re¬ 
paired by slipping a piece of stout rubber tubing of 20 mm. inside diameter 



Fig. 1. Showing Method of Repairing Soil Filter Tubes 
A =» unglazed filter tube; B = break; C = glazed nipple; R = rubber tubing 

over the nipple and tube, as shown in figure 1. The air pressure used in 
filtering effectively seals the tube against leakage. Tubes so repaired are 
fully as serviceable as unbroken tubes and are less susceptible to further 
breakage* Chamberland-Pasteur filter tubes cost about $2.65 each but can 
be repaired with about 5 cents worth of rubber tubing- 
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THE USE OF DEXTRINE IN THE ISOLATION AND IDENTIFICA¬ 
TION OF AZOTOBACTER CHROOCOCCUM 

C. E. SKINNER 1 
University of Minnesota 
Received for publication January 7,1929 

It is generally conceded that species of Azotobacter are fairly difficult to 
isolate in pure culture from the soil. I have in many cases found it exceedingly 
difficult to separate Azotobacter from certain non-spore-forming gram-negative 
rods (. Bacterium radiobacter?), and from gram-positive spore-formers, using the 
ordinary Ashby’s agar or other nitrogen-poor mannitol media. I have also 
found that many strains of Azotobacter showed either no blackening, or showed 
it only after prolonged incubation. Formerly I thought that I was justified in 
considering these non-chromogenic strains as species other than A. chroococcum . 

Recently while using Baldwin and Fred’s (1) nitrate dextrine medium in the 
study of many strains of the so-called B. radiobacter , 2 1 noticed an intense jet 
black coloration within a week or so, often in a few days, when Azotobacter 
was planted on this medium. This fact led to the substitution of dextrine for 
mannitol in Ashby’s agar, and it was found that after preliminary enrichment 
in Ashby’s or Upman’s mannitol solution Azotobacter chroococcum could be 
isolated very readily from dextrine agar plates streaked from the enrichment 
flasks. Impure “colonies were easily avoided. The dextrine agar slant cultures 
picked from the dextrine agar plates were again streaked on dextrine nitrate 
agar to test for purity. B. radiobacter and most spore-formers grow readily on 
this medium and any contaminant is easily noticed, since pure cultures of 
Azotobacter chroococcum showed only black colonies. Undoubtedly there are 
species of Azotobacter other than chromogenic ones, but as yet I have never 
isolated one which did not produce a black pigment on dextrine agar, partic¬ 
ularly if nitrate was also present. 

The use of dextrine nitrate agar thus not only facilitates the isolation of 
Azotobacter chroococcum , but also prevents one considering many strains as 
non-chromogenic. Many strains of Azotobacter chroococcum have been iso¬ 
lated in this way without the failures formerly encountered. 

1 Department of Bacteriology and Immunology. 

*1 inadvertently misquoted Baldwin and Fred in a former article {Soil Sd. 25: 195- 
205, 1928) as saying in effect that “this organism (B. radiobacter) can be readily distin¬ 
guished from all strains of the nodule bacteria by the large amount of add produced from 
dextrine by B. radiobacter” What they actually wrote was “B. radiobacter may be distin¬ 
guished from any of the root nodule bacteria by its strong add fermentation of dextrin,” quite 

another thing, since only a possibility is implied, not a certainty as I attributed to them. 
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Recently I had a portion of Omelianski’s (2) monograph on nitrogen fixing 
bacteria translated 8 and was surprised to find that Professor Omelianski and 
other Russian investigators, had been using dextrine for a number of years for 
the purposes enumerated, but I do not know of laboratories elsewhere where it 
is in use. 

It was with the idea of calling the attention to this carbohydrate of any 
other workers who are not now using dextrine, that this note was written. 
Difco brand of dextrine was used, but no doubt other highly purified products 
would suffice. 
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from the Russian. 




BOOK REVIEW 


Laboratory Manual of General Microbiology with Special Reference to the Micro - 
organisms of the Soil . By Edwin Broun Fred and Selman A. Waksman. 
McGraw-Hill Book Co., New York. 1928. Pp. 145, fig. 19. 

In 1911 there appeared two excellent laboratory manuals dealing with soil 
bacteriology, those of Lipman and Brown and of Lohnis. Soon after, thetee 
were followed by three others, by Burgess, by Whiting, and by Fred. No 
field of bacteriology has been so well served with worthy laboratory manuals 
as has soil bacteriology, and of these manuals, that of Fred is in many ways 
the best. It is very widely used, and many of the younger workers got their 
first training from Fred’s manual rather than from, or in spite of, text-books 
and professors. These books are now hopelessly out of date—that of Lohnis 
has been revised but not as yet translated into English—and it was with 
more than a little pleasure that teachers and investigators received the news 
that Fred’s manual was being revised. 

The new book, however, is more than a revision. In spite of the title, it is 
a soil microbiology manual, which for 1928 is a worthy successor to the 1916 
book. It contains also many of the excellent methods summarized by Waks¬ 
man and co-authors in Abderhalden’s Handbuch, The emphasis in Decem¬ 
ber 1928, is not primarily on “nitrogen fixation and all that sort of thing,” 
but covers the whole soil population of microorganisms and their activities. 
The special interests of neither of the authors have received undue emphasis, 
but together they have made a splendid selection of culture media formulae 
and laboratory exercises. Like the 1916 book, this manual is divided into three 
parts, one of which gives formulae of 111 well selected media, another of which 
gives in outline the necessary qualitative and quantitative chemical methods, 
and the last part of which deals with laboratory exercises as such. In addition 
five pages of staining technique are given. 

In spite of the excellent qualities of the manual, candor requires that cer¬ 
tain small defects be mentioned which detract somewhat from its value. 
In general the book is exceedingly well arranged, but in a few places it is not. 
For instance, the preparation of phenoldisulfonic acid is given on page 60, 
but the use of it a few pages later. Likewise the aeration method of NH 3 
determination is given on page 63 with other chemical methods, but the base 
exchange method on page 127 with the experiments. The preparation of 
methyl red is not described with the rest of the indicators. As was said, the 
selection of exercises and media is excellent. The reviewer, however, would 
like to have seen the more accurate Rothamsted methods and tables for 
counting soil protozoa given. Certainly the use of solid media for protozoa 
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should have been insisted upon. The new Foreman method, at once simple 
and accurate, for determination of amino acids, might have been given men¬ 
tion. Although, perhaps it ought not to be necessary, it might have been 
advisable to mention the possible loss of NH in each medium of a fairly high 
pH which contains an ammonium salt. There are very few misprints or 
mistakes. Clostridium pastorianum is the spelling originally used by Wino¬ 
gradsky. The term “thermostat” on page 24 is incorrectly used. It is doubt¬ 
ful whether the method of determination of hemicelluloses on page 77 is even 
approximately accurate. These points, however, are of minor importance and' 
are perhaps partly due to the dual authorship. 

Of course the practicability of a manual can be determined definitely only 
after it has been used for some time and has been tried out on classes of stu¬ 
dents. The reviewer ventures the opinion, however, that this one will prove, 
if rightly employed, as useful as Fred’s 1916 manual did. No investigator or 
teacher who even dabbles in soil microbiology should try to get along without 
a copy of the manual by Fred and Waksman. 

C. E. Skinner, 

Department of Bacteriology and Immunology , 
University of Minnesota , Minneapolis . 
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STUDIES OF CERTAIN PHASES OF THE INTERRELATIONSHIP 
BETWEEN SOIL AND PLANT: I. AVAILABILITY OF MIN¬ 
ERAL PLANT NUTRIENTS IN RELATION TO THE DEGREE OF 
DISPERSION 1 


WALTER THOMAS 
Pennsylvania State College 
Received lor publication December 29, 1928 

A. INTRODUCTORY 

The subject matter of this paper deals with a field of research that, although 
of the greatest importance, is still in a state of flux. Notwithstanding the 
existence of a voluminous literature on the permeability to and absorption of 
substances by living animal and plant cells, there is little exact knowledge. 
And to the complex of factors now to be considered that of colloidal behavior 
must be added. 

Colloidal solutions have been arbitrarily defined on the basis of the size of 
the dispersed particles (1 mm to 100-200^)- There is, however, no infallible 
test for colloidality. Even the ultra microscope and cataphoresis tests may 
fail under some conditions and with some colloids (82). Dialysis experiments, 
moreover, may not always be specific, for artificial semi-permeable (collodion) 
membranes have been prepared that are permeable to one crystalloid (e.g., 
NaCl), but not to another (e.g., NaN0 3 ) (7, 8); to starch and dextrin, but not 
to night blue and other colloidal dyes; to colloids but not to crystalloids 
(45, 46). 


1. Theories of permeability 

It is not definitely known what makes a membrane semi-permeable. Ac¬ 
cording to Kahlenberg (45) an absolutely semi-permeable membrane exists 
only in theory. From their comprehensive studies on the conditions governing 
the permeability of certain physiological membranes for various electrolytes, 
Michaelis and Weech (59) conclude that it is fallacious to speak of a definite 
permeability of any type of membrane for electrolytes, since in their experiments 
the behavior towards the passage of electrolytes was found to depend on a 
variety of conditions. Thus, these investigators showed that by changing the 
character and magnitude of the force driving the ions across the membranes 

1 Publication authorized by the Director of the Pennsylvania Agricultural Experiment 
Station as scientific paper No. 462. 
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and, according to the history of previous treatment of the membrane, the 
whole character of the so-called specific permeability for ions of the membrane 
could be varied without any substantial change in the structure , chemical com¬ 
position or pore size of the membrane . And Hober (39) is of the opinion that 
membranes possess both a “physiological” as well as a “physical” permea¬ 
bility, because the mechanism of penetration into membranes by the different 
classes of substances, such as organic substances, salts, acids, bases and water, 
appear to be so distinctly different with each group. The older definitions, 
therefore, of semi-permeable membranes break down entirely. 

All theories of the permeability of living cells assume the existence of some 
sort of a “membrane,” although differences of opinion exist as to its nature. 
The more prominent of the older conceptions of the factors determining the 
penetration of substances into living cells are Overton’s “lipoid” theory (68) 
and Clowes’ conception of the cell membrane as an “emulsion” (13); but it 
has been urged (41) that no one theory is capable of explaining all the pecu¬ 
liarities of cell permeability such as, for example, the penetration of water- 
soluble substances like sugar and which are not lipoid-soluble. Moreover, 
most of the theories break down in accounting for functional changes in 
permeability, that is, the permeability of the plant cell is not constant. Never¬ 
theless, most authorities agree that there can be little doubt that “lipoid” 
solubility is a property favoring ready entrance into living cells, the sole 
exception to the rule known at present being the cases presented by a colloidal 
dye in the presence of plant cells (39). 

2 . What constitutes true colloidal behavior? 

One of the main difficulties to be faced in an evaluation of the factors deter¬ 
mining whether or not colloids can be absorbed by plants is in characterizing 
what constitutes true colloidal behavior. Although colloids have been ar¬ 
bitrarily defined on the basis of the size of the dispersed particles, there is no 
agreement on what constitutes true colloidal behavior. Loeb (55) premises 
that ampholytes like the proteins show colloidal behavior only when the 
protein ions are prevented from diffusing through those membranes or gels 
that are readily permeable to the ions of ordinary salts and that the distinction 
between crystalloids and colloids, as Graham (29) conceived the difference, 
is not tenable. If all ampholytes behave like proteins (as doubtless they do), 
then, according to Loeb’s view, they are true colloids only at the isoelectric 
point, i.e., when they exist as non-iogenic substances. The ions of Loeb, 
then, that show true colloidal behavior are the same as the micellae of McBain 
that originate through the electrolytic dissociation of neutral colloidal systems. 

If, as it would appear, colloidal behavior is a surface phenomenon, the 
clearest conception of the behavior of colloids is obtained, as Wilson suggests 
(96), by regarding the particles as having more of their valences directed from 
the molecule and, therefore, unsatisfied (i.e., residual valency). The conse¬ 
quence of the existence of such free valences will be to cause substances 
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approaching their surfaces to combine and give up their charge to the colloid. 
The colloid may also acquire its charge by ionizing itself (22). 

As Oakley (65) well expresses it, the colloidal condition may well be con¬ 
ceived as a compromise due to the differences in the affinity of the un-ionized 
and ionized groups for water, the boundary of the ionized ions being condi- 
tipned by the balance existing between the osmotic and electrometric forces. 
The membrane defined by the limits of this boundary will be governed by the 
Gibbs-Donnan equilibrium, the non-diffusible ions being the anions or cations 
that are partners to the colloidal cations or anions, resulting in a potential 
difference (P.D.) between the surface layers and the bulk of solution. This 
P.D. is found by equating the electrical work done by moving one equivalent 
of ions across the membrane to the work done against osmotic pressure, i.e., 


R T. 

to - ‘ - log y/x, where y/x are the concentrations of the negative ions on the 

JC 

two sides of the membrane. 


3. On dialysis experiments 

But all of these, conceptions, of colloidal behavior fail to explain much that 
is pertinent to our problem. For example, does dialysis increase or decrease 
the stability of sols? Hardy (35) maintains that dialysis as a means of 
isolating unstable or insoluble hydrous colloidal matter is open to criticism on 
the grounds that it progressively removes adsorbed stabilizing (peptizing) 
ions, thus destroying equilibrium conditions. The experiments of Thomas and 
Frieden (83) furnish an excellent example of this. There is a wide gap in our 
knowledge as to the causes operative in producing stability of sols and, there¬ 
fore, of their exact composition. Take ferric hydrosol as an example. Thomas 
and Frieden (83) claim that the ferric oxide sol is represented by the formula 
xFesOj, yFeCla, and that it exists in solution as the complex ions xF s O»-Fe + 
and Cl - . But additional corroborative evidence is lacking to supportthisview. 
Indeed, Sorum’s investigations (78) established beyond much doubt that 
stable hydrosols giving no test for Cl - can exist. From Beans and Eastlack’s 
work (3) it might be deduced that the ferric oxide sol in Sorum’s experiments 
is stablized by the small amount of Fe in solution (for the oxide is soluble to 
the extent of 1 p.p.m.), or, possibly, it might be stabilized by the hydrogen 
ion from the ionization of the water on its surface. 

From the foregoing it will be realized how fragmentary is our knowledge 
of the facts of permeability and how impossible it is in the present state of our 
knowledge to formulate any immutable laws of membrane action. This 
condition, however, may not prevent us from critically examining in detail 
the available experimental evidence bearing on our problem, to weigh the 
facts and to interpret them according to the scientific method. This we 
shall proceed to do. 
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B. EXPE RIMEN TS WITH ARTIFICIAL MEMBRANES, ISOLATED CELLS OR TISSUES 

AND ABNORMAL PLANTS 

1. Artificial membranes 

a. Gurchofs theory of colloidal penetration. The suggestive researches of 
Gurchot (31), indicating the mechanism of the reversible permeability of 
copper ferrocyanide membranes, have given additional information on the 
possible mechanism of penetrability. His copper ferrocyanide membranes 
give all evidences of behaving as a dynamic system. He concludes that the 
whole question of the action of his membranes involves adsorption, coagulation 
and peptization. That some form of adsorption, or, perhaps, solution of the 
septum takes place is now widely accepted. This is the basis of Overton’s 
theory (67) and is very str iking ly demonstrated in Kahlenberg’s experiments 
(45, 46) with rubber damask and lanoline silk membranes and in Overton’s 
own experiments (67) on animal and plant cells. 

It is possible that a satisfactory working hypothesis of the behavior of 
artificial membranes may be worked out in the future on the basis of reduction 
or neutralization of the charge upon their colloidal surfaces. Penetration of 
the membrane by colloids would, if such a theory is substantiated, be due to 
membrane coagulation due to selective adsorption as a result of differences 
in potential set up at the interface between the solid and liquid phases in 
accordance with the Gibbs-Donnan law. It would serve to explain why 
substances pass through a membrane at certain times that do not do so nor¬ 
mally. Gurchot’s theory of membrane action does not imply that penetration 
is always accomplished by means of selective adsorption and coagulation. 
On the contrary, as he points out, under some conditions a membrane may act 
like a sieve for salts in dilute solution, because in this case they will, if the 
solutions are dilute enough, go through the membrane without coagulating it. 
This is entrance by osmosis. But when the concentration is raised the charge 
of the membrane will, if the cation is absorbed more than the anion, be neutral¬ 
ized and coagulation will, therefore, follow, in which case the salts or ions 
pass through by diffusion as through a dialyzing membrane. Indeed, Weech 
and Michaelis (92) are disposed to account for the difference in the diffusion 
rates of the non-electrolytes examined by them to the varying sizes of the 
pore channels of the membranes. 

From Gurchot’s results it can scarcely be questioned that artificial mem¬ 
branes, like the potassium ferrocyanide septums used in his experiments, may, 
under certain conditions, permit the diffusion of colloids; but the experimental 
demonstration and proof of colloid penetration in the case of normal living 
cells, as will be shown, is less convincing. 

b. Equilibrium of colloidal and molecularly dispersed phases . There is, 
moreover, another possible mechanism that must not be overlooked. If, as 
it is reasonable to suppose from the hydration theory (96), that a fractional 
portion of all sols are in true molecular solution, penetration of colloids into 
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cells would take place, preferably by the entrance of that portion of the sub¬ 
stance which is in true solution. The disturbance of the equilibri um pro¬ 
duced by the diffusion of solute would enable more of the colloid to go into 
true solution. Evidence for this view is supported by the work of Foerdi 
and also of Fredenthal as recorded by Bechhold (4). From the observation 
that after ultrafiltering pure starch “solutions” a given fraction of the 
“solution” always passed through his membranes, the former concluded that 
for every concentration of the starch solution a balance existed between the 
larger particles and the molecularly dissolved starches. This view is upheld 
by Fredenthal who found that soluble starch produced a definite lowering of 
the freezing point (F.P.). We shall have occasion to discuss this conception 
later. But the experiments cited cannot be regarded as final, for marked 
differences existing in the membranes used by different investigators might 
vitiate comparisons unless the results are expressed in terms of “diffusion 
coefficients” (92). There is little doubt that differences in structure and 
composition of membranes, together with factors already stated (59) have 
contributed not a little to the difficulties presented in interpreting much of the 
experimental work on the ions present in the soil solution and which have been 
based upon dialysis experiments with collodion membranes. The confusing 
results on aluminum as a factor in soil acidity may be cited as an example 
(21, 43, 57). 


2. Living isolated cells and abnormal plants 

a . The absorption of fats. The work of Czapek (20) and Schmidt (77) on 
the penetration of fine emulsified fats is frequently cited in support of the 
theory of colloidal absorption by living cells. A critical investigation to test 
this theory was recently undertaken by Rhine (74). Schmidt’s technique 
was repeated. When filter paper saturated with various oils colored with 
Soudan III were inserted into longitudinal incisions in starved pea seedlings, 
Rhine found that both free fatty acids and neutral oils entered the cytoplasm 
from the intercellular spaces and appeared in the cytoplasm in the form of 
small droplets. From these experiments he concluded that the penetration 
was a physical matter depending in part upon the viscosity of the oil. When, 
however, the tests were made with emulsions of linseed fatty acid in water , 
no penetration into the cytoplasm took place. Further investigations to 
explain this discrepancy disclosed the fact that the penetration of the fats and 
oils into the cells was due to a water deficit in the walls of the starved etiolated 
pea seedlings, for when tests were conducted with normal seedlings well 
supplied with moisture in air and soil no penetration took place. 

Moreover, comparing the respiratory quotients in the hypocotyls of fatty 
and starchy seeds for the purpose of determining the type of food used by the 
germinating pea seedling, Rhine rightly concluded that the form could not be 
fat, since the fatty seed hypocotyls were being furnished carbon in the same 
state of reduction as were those of the starchy seeds. Other experiments 
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showed that no diffusion concentration gradient of fats existed, nor were fats 
found “en route” in the cell walls in tissues through which formerly they were 
supposed to pass. 

These critical investigations of Rhine appear to offer evidence that fat 
emulsions do not enter normal plant cells, but rigid experimental proof using 
animal cells has not been forthcoming. 

Bechhold (4) is authority for the statement that fats are found in the truly 
soluble form (e.g., soaps) only at the time when they pass through the wall of 
the intestine, after which they immediately regain their colloidal condition. 
Unfortunately, he cites no experimental evidence. If his view is substantiated, 
the mechanism of penetration in such cases might be comparable with Witze- 
mann’s conception (97) of the catalytic function of the leucoplasts in the 
condensation hydrolysis equilibrium involved in the formation and mobiliza¬ 
tion of starch and glycogen, the equilibrium being controlled by the second 
law of thermo-dynamics. 

b . The penetration of dyes . Such an authority as Jacobs (41) states that 
many of the investigations on the penetration of acid and basic dyes (colloidal 
as well as non-colloidal) are worthless, partly on account of faulty technique 
and partly due to too broad generalizations from results on specific types of 
cells. Of the investigations relative to the conditions determining the pene¬ 
trability of dyeSj -Ruhland’s work (76) acquired prominence because his con¬ 
clusions challenged Overton’s view that “lipoid solubility” was the greatest 
factor determining ease of entrance into living cells. Ruhland demonstrated 
beyond doubt that not only the basic or acid nature of the dye but also, in the 
case of plant cells at least, the size of the molecule was the important factor. 
Colloidal dyes did not penetrate whereas non-colloidal dyes passed through. 
H 6 ber (38) and more recently Gaedertz and Wittgenstein (23) have also con¬ 
firmed Ruhland’s conclusions (76). 

However, it would be dangerous to infer that, because certain dyes having 
large molecules do not penetrate living cells, this is the determining factor in 
penetration. Beyond a certain limit this does not seem to hold true. This is 
exemplified by the results of permeability experiments with certain organic 
substances in which it has been shown that the size of the molecule may be of 
less importance than the presence of non-polar groups (51), for it is known 
that the introduction of such non-polar groups as — CH#, — C 2 H 5 , and — CeHg 
in place of hydrogen into the fatty acids increases their permeability (41). 

C. CULTURE AND HELD EXPERIMENTS WITH PLANTS 

1. Distinction between permeability and absorption 

There is, in the literature, some confusion of the terms permeability and 
absorption. As Osterhout ( 66 ) has shown, the terms are not synonymous, 
because if ions are removed by reactions occurring in the cell or in the inter¬ 
cellular spaces, considerable absorption of the nutrient may take place, 
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although the true permeability of the substance might be quite low. Ac¬ 
cordingly, with the same permeability, the amount of substances absorbed may 
vary greatly, depending on conditions. In the following discussion on the 
absorption of nutrients relative to the degree of dispersion this distinction 
should be borne in mind. 

2. The arguments advanced against the solution theory of plant nutrition 

Comber’s stimulating paper (14) on the possible r61e of colloids in plant 
nutrition has attracted considerable attention. This authority rightly objects 
to “the tendency among many soil chemists to take so many things for granted 
without inquiring scientifically and experimentally into their truths” (17). 
He feels convinced that the assumption that material must be in solution in 
the soil before it can be of any use to the plant is quite improved. In modifica¬ 
tion of present views, Comber postulates that the colloids of the soil play an 
important r61e by being directly absorbed by plants through the formation of 
a one phase system between the colloidal coating of the plant root hairs and the 
colloidal coating of the soil particles. Hence, according to this hypothesis, 
part of the nutrients absorbed on the soil surfaces are mechanically incor¬ 
porated by the root hairs. Nutrients may in this way be absorbed without 
the necessity of going into solution. If this view is true it would follow that 
diffusion of salts in the soil, especially those of phosphorus and of iron, would 
not be an important factor in plant nutrition. It should be added that an 
alternative hypothesis to that of the direct absorption of colloids is also put 
forward by Comber (14), viz., that the organic excretions of the roots may 
exert a dissolution effect on the particles. 

Clearly, this conception has an important bearing on soil solution studies 
and soil analyses, on which account rigid proof should be forthcoming before 
it is accepted. The arguments advanced in favor of the proposed modification 
will now be critically examined. 

a. The relation of the composition of the soil solution to the mineral dements 
taken up by plants . It has been maintained on the basis of observations of 
Hall (33) and of Ramann (73) that, since the ratio of certain mineral .elements 
assimilated by plants to the water transpired is greater than the ratio of these 
same elements to the water in which they are dissolved in the soil solution, 
therefore, the crop does not derive all its mineral matter by the simple flow 
of the soil water by osmosis into the roots. Accordingly, the examination 
of the soil solution to ascertain what soluble substances are present is no 
* criterion of what a particular plant can get out of the soiL 

This conclusion cannot be valid, for, as will be shown, the premise is un¬ 
sound: (a) Based on a calculation of the amount of K 2 O taken up by a clover 
crop to the water transpired, Hall claims that the concentration of KjO thus 
obtained, viz., 0.006 per cent, is greater than in solutions obtained from the 
soil. That such a limit may not hold generally is shown by many analyses 
of the writer (84) of the soil solution obtained by displacement methods (52,69) 
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from a large number of orchard soils in Pennsylvania in which the K 2 O content 
was found to be 0.0078 to 0.0084 per cent, (b) Additional evidence is furnished 
from the carefully controlled and exhaustive experiments of Muenscher (61) 
and also of Prat (72) which provide rigid proof of the fact that transpiration 
does not play an important r61e in the supply of nutrients to the plants. 
They have shown conclusively that the quantity of an element absorbed by a 
plant bears no relation to the water absorbed and lost by transpiration. In 
other words, Muenscher and Prat have proved that plants can absorb water 
and solutes differentially, the quantity of an element absorbed being dependent 
upon growth as influenced by h umi dity and light intensity, rate of transpira¬ 
tion and concentration of solution. Hoagland (37), moreover, has shown that 
the rate of absorption is also dependent on the nature of the ions. 

These conclusions have also been experimentally substantiated by Curtis’ 
investigations (18). Transpiration, therefore, cannot have much direct 
influence on the movement of solutes. Chemical change in the cells is of 
far greater influence than the mere mechanical effects of transpiration (19). 

b . The absorption of silica by plants . The experimentally established fact 
of the absorption of SiC >2 from silica gels has also been produced as evidence 
in favor of the theory of colloidal penetration. The researches of Pfeffer 
(71), Gregoire (30), and especially of Jennings (42) leaves no room for doubt 
that silica when supplied either in the gel or sol condition is absorbed. Jennings 
used freshly prepared silica gels from sodium silicate, which were added to 
nutrient solutions in which wheat plants were grown. Analyses of these 
plants with the controls showed definite and relatively large absorption of 
silica. 

But the conclusion that the absorption necessarily takes place in the colloidal 
condition per se is not valid. The facts, as we shall see, are also consistent 
with the solution theory. 

(7) The “solubility” of silica. Truog (87), skeptical of the claim of the 
direct absorption of colloidal silica, offers as evidence against it that silica is 
soluble to the extent of 430 p.p.m. But difficulties at once arise with respect 
to the connotation “solubility.” Lenher and Merrill (50) give 428 p.p.m. 
and Gile and Smith (27) give about 92 p.p.m. as the solubility of silica sols 
(silicic add) in conductivity water. The former used S & S filter paper No. 
589 and the latter Chamberlain filters. The researches of Joseph and Hancock 
(44) indicate a solubility of 32 p.p.m for anhydrous silica. 

All these investigators are careful to qualify their use of the term “solubility” 
by the explanation that all or part may be present as a finely dispersed sol 
rather than a true solution. It is, therefore, all the more interesting to note 
that more than twenty years ago Mylius and Grosehuff (63) by treating sodium 
silicate with hydrochloric add prepared an unstable metasOiric acid that passed 
through a semi-permeable membrane. 

Norton and Roth (64) also condude that silidc add may exist in true solu¬ 
tion. The presence of definite silidc adds, such as orthosilidc add^SiO*), 
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in silica hydrogels and hydrosols, having the composition xSi 02 • yH 4 Si 04 • ZH 2 O, 
in which the quantities of water and silica might vary from a true solution 
of silica in water through the highly dispersed gels, was indicated. 

The writer (84) found that the silica in soil solutions obtained by displace¬ 
ment methods (69) dialyzed through collodion membranes prepared according 
to the method of Brown (7). McGeorge (57), too, found diaiyzable forms of 
silica in all the Hawaiian soils examined and “little or no colloid forms.” In 
the writer’s experiments the dialysates contained 30 to 43 p.p.m. Si0 2 . More¬ 
over, owing to the well-known effect of the coagulating effect of ions, it is 
difficult to understand how, in the usual procedure for the analysis of clays, 
the sol could possibly remain stable in the presence of such large quantities 
of electrolytes, if the silica is not molecularly dispersed. 

It is possible to interpret these results in accordance with the view presented 
by Hardy (34), viz., that silica may become soluble by the splitting off of 
small units of the adsorption complex, xSi0 2 *yH 2 0, owing to the ability of the 
“combined” water molecules to ionize. 

The existence of pure silica hydrosols and hydrogels, as already mentioned, 
has been questioned. Hardy (34) concludes that the weight of evidence 
favors the view that hydrous silica is an ampholyte possessing an isoelectric 
point well on the acid side (pH 6.4), and records Williams’ conclusions (95) 
that silica gel seems to possess a reticulate structure which when saturated 
contains water in two phases, the one absorbed at the surface of the material 
comprising the gel framework and the other filling the intermicellar spaces. 

From the facts presented above, it would be unscientific to infer that because 
an increased absorption of silica by plants is found when silica gels are added 
to nutrient solutions absorption of the colloid takes place per se. The facts 
are obviously equally consistent with the simpler view of absorption from true 
solution. 

(2) The effect of silica gels on the absorption of other ions by plants . Finally, 
it is of interest to inquire into the causes producing an increased absorption of 
phosphorus from rock phosphate in the presence of silica gels. Lemmermann 
and Weismann (49) attributed the increased yields to an increased assimilation 
of silica. This view was criticized by Gile and Smith (27), who contended that 
the beneficial action of silica gel on the growth of plants is to be attributed to 
the effect of silica on the solubility of rock phosphate. There is yet another 
possible explanation, viz., that derived from the application of the Gibbs- 
Donnan equilibrium law to the distribution of ions on the two sides of the 
semi-permeable membrane. This latter view is supported by the work of 
Butkewitsch and Butkewitsch (9), who have supplied experimental evidence 
on the influence of the presence of a non-diffusible ion (silica) upon the absorp¬ 
tion of diffusible ions by plants. The application of the Gibbs-Donnan 
membrane equilibrium theory will be discussed in a subsequent paper. 

c. The absorption of iron by plants . Comber (14) is unable to reconcile the 
absorption of iron by plants on calcareous soils with the solution theory. 
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This view is based on the insolubility of ferric oxide. It should be noted, 
however, that iron may exist in soils in comparatively large amounts in the 
lower state of oxidation . Thus, Vanstone (89) records the existence of iron in 
soil from the Folkstone Beds of England as the soluble and available ferrous 
phosphate. 

Owing to the weakly basic character of Fe^s, the ferric carbonate formed 
in calcareous soils is unstable, undergoing hydrolysis with formation of the 
sol xFe 2 0s*yH 2 0, or under some conditions, a precipitate of ferric hydrate 
(12). Hydrous ferric oxide is an amphoteric electrolyte with a pH probably 
of about 6.5. Its basic properties, however, outweigh its acidic properties 
and the “ferrites” so formed are quite unstable. Its acidic dissociation, 
Fe(OH ) 8 —► 3(OH)“ + Fe*“, therefore, would, as recorded by Hardy (34), 
be accompanied by the formation of the irreversible mono-hydrate. The pre¬ 
cipitated hydroxide has a low solubility in water (1 p.p.m.); if, however, 
conditions permitted the rate of absorption even at this low concentration to 
be high, enough Fe might still be furnished for normal metabolism by the 
disturbance of equilibrium, as already discussed (p. 253). The investigations 
of GUe and Carrero (25), who showed that soils which yield iron sufficient for 
the growth of plants may not show a detectable amount of iron in the water 
extract, may be cited in support of this view. The experimental evidence, 
without exception, in culture solutions has shown that only traces of iron need 
be present in the solution for normal growth. 

If, on the other hand, Joffe and McLean’s conclusions (43) from laboratory 
experiments are applicable to soil conditions, then we must infer that iron 
cannot occur in molecularly dispersed solutions in normal soils and very little 
in the sol state, since no Fe(OH)a in molecularly dispersed solution was found 
by them higher than pH 3 to 4; and that even in the presence of SO 4 ions 
no Fe(OH ) 8 sol existed above pH 3.8. Apparently, however, in the presence 
of NO 3 and Cl ions, the Fe(OH ) 3 sol could exist as high as pH 5.4. These 
results indicate the importance of the consideration of the influence of the 
other ions in the soil. 

Since the criterion of the sol condition used by Joffe and McLean was non- 
diffusibility through collodion sacs, this criterion, as was indicated in the 
earlier part of this paper, may invalidate the sharp line of distinction made by 
these authors between true solution and the sol and gel conditions. 

It would be of interest to correlate Joffe and McLean's results with Gile and 
Carrero’s culture experiments (26), in which these authors show that colloidal 
iron that was not permeable to a parchment membrane was available to plants 
in an acid medium and to a limited extent in a neutral medium but not when 
CaCO* was added. Unfortunately, Gile and Carrero do not give the pH of 
their solutions. 

In an earlier paper (25) Gile and Carrero, comparing the availability of 
dialyzed iron with ferric chloride to rice plants in culture solutions, conclude 
that rice could not assimilate “colloidal iron” but that the plants absorbed the 
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fraction of the iron that was molecularly dispersed from the dialyzed ferric 
oxide sol. 

Hardy (35) believes that complex coordinated metal anions may readily 
penetrate and suffer translocation in the plant. This belief is founded on the 
results obtained by many investigators who have used different iron com¬ 
pounds in nutrient culture experiments; but, as there is no definite information 
on the composition of these complex organo-metallic compounds (36), the 
assumption that they are absorbed by plants seems unwarranted. There can 
be little doubt that the complex ferro-citrates and ferro-tartrates, as obtained 
by extracting iron oxides with citric and tartaric acids, are colloidal and that 
on standing they gradually undergo hydrolysis and precipitate out; but there 
is still some ferric ion in solution even after 60 days (36). In this connection 
it is interesting to note that analysis by the writer of a sample of Merck’s 
“dialyzed iron containing 5 per cent Fe 2 0 3 ” gave, after coagulating with 
MgCl 2 and filtering, 0.5 per cent of chlorine. Tested with potassium sulpho- 
cyanate the filtrate gave a slight blood red color. The presence, therefore, 
of some Fe in solution is indicated. It follows that the cclloid-solution equi¬ 
librium hypothesis advanced earlier in this paper (p. 253) may also be applied 
to explain the penetration of iron (and aluminum) into cells. According to 
this view we would have: 

Colloidal Fe 2 CVzH 2 0 dissolved Fe(OH) a *=* Fe*“ + 3(OH)“ 

Relative to the absorption of other ferric sols by plants the experiments of 
Parker (70) show that colloidal ferric phosphate hydrosol, that was non- 
diffusible through collodion sacs, was not available to plants. 

Field experiments on the subject show strange contradictions. Thus, Gile 
and Carrero’s field experiments on calcareous soils indicate that iron-induced 
chlorosis may result in plants growing upon them. We are, therefore, on the 
horns of a dilemma. Iron is available to plants on the chalk soils of England, 
but in the calcareous soils of Hawaii it is not available in sufficient amounts to 
prevent chlorosis. The results on the Hawaiian soils do not support the 
explanation offered (14, 35) for the absorption of iron, viz., the formation of 
organo-compounds with such substances as sugars, starches, certain pro¬ 
teins, etc. 

The conclusion seems inevitable, therefore, that more facts are needed 
before any claim to the absorption of colloidally dispersed iron by plants can 
be made. All the facts can readily be explained on the basis of the iron of soils 
being absorbed in the molecularly dispersed state. 

d. The availability of mineral phosphates. If the phosphorus applied both 
in the “raw” mineral form and* as superphosphate is present in the colloidally 
dispersed phase, it would not be possible, as many investigators have done, 
to find a correlation between the amount of water-soluble phosphorus, the 
amount of phosphate applied and the response of crops. In what follows, 
we shall discuss some of the salient points with reference to the conditions 
rendering the phosphorus of mineral phosphates available. 
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(1) Superphosphates . In a very ingenious discussion of the availability of 
phosphorus, Murray (62) points out that the compounds into which the soluble 
phosphates are converted by reversion in the soil will consist of particles of 
different sizes; some, therefore, will have larger and some smaller surfaces . 
As the particles below the critical stage (circ. 200 y.y) representing the transition 
to the colloidal state will undergo comparatively rapid solution, it follows that 
the rate of absorption of ions by the plant will be determined by the number of 
particles below the critical stage. 

Murray cites the law of diminishing returns, which Mitscherlich and Baule 
(60) have attemped to express as a fundamental law, in support of this view. 
Thus, when the particles below the critical stage are formed in such large 
numbers that equilibrium exists between the rate of absorption by the plant 
and the rate of solution, no appreciable difference in the yield would be expected 
to occur by the addition of more fertilizers. This is what happens in most 
cases, although exceptions to the general rule are known (48). 

Murray’s views on the formation of solid particles are based on the hydrolysis 
hypothesis. The investigations of Cameron and Bell (10) lead to the con¬ 
clusion that the addition of mono-calcium phosphate to the soil results in the 
formation of the secondary salt CaHP0r2H 2 0. 

CaH4(P0^,-H 3 0 + HaO * OHPOr2H*0 + HaPO*. 

They concluded that no definite compound existed intermediate between 
CaHP 04 - 2 H 2 0 and Ca(OH) 2 , but only a series of solid solutions. Austin’s 
(1) results on the electrometric titration of Ca(OH) 2 and of CaCOg with mono¬ 
calcium phosphate are essentially in accord with the views of Cameron and 
Bell. Both Warington’s (91) and Bassett’s (2) investigations, however, 
indicate that only the tricalcic phosphate Cas(P 0 4 )2 and the hydroxy-apatite 
Ca 3 (P0 4 ) 2 • Ca(OH) 2 can be in stable equilibrium with an aqueous solution, 
and that the latter is the only calcium phosphate that can permanently exist 
under normal soil conditions. Which of the foregoing conclusions apply to 
the actual conditions in the soil, it is impossible to say. All that is certain 
is that calcium mono-phosphate is converted into a substance (or substances) 
that is very much less soluble than the original substance and that, possibly, 
the conversion may be into very insoluble forms. Murray’s deductions are, 
therefore, in no way irrational. But the actual conditions existing in the soil 
may not be capable of explanation wholly by solution forces, as he supposes; 
for, apart from the possibility of the formation of aluminum and iron phos¬ 
phates in acid soils, there are unquestionably other forces operative, in addition 
to those pointed out on page 263, to disturb the equilibrium conditions, such 
as those due ito absorption of the PO 4 ions by the soil colloidal complexes. The 
tenacity with which these absorbed ions will be held will vary with the potential 
differences developed and, therefore, upon other cations and anions present 
in the absorption complex (16, 79, 81). The concentration of the PO 4 on the 
colloidal surfaces will be determined by the Gibbs-Donnan equilibrium law. 
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The experimental work in support of these facts is considerable, of which 
some only will be cited: (a) The PO 4 ions of superphosphate may be so strongly 
absorbed by some soils that adds may not dissolve more phosphorus from such 
soils treated with superphosphates than from soils supplied with rock phos¬ 
phate (98). ( b ) In field experiments it frequently happens that as much as 
20 per cent of the applied phosphorus is not recovered by the crop (27). 
Wheeler and Adams (93) conduded from their experiments on peat and muck 
soils that “saturation” of the soil colloids was necessary before additions of 
phosphates became effective. 

Gordon and Starkey (28, 80), working with artificial iron and aluminum 
gels, have shown, as would be expected from theoretical considerations, that 
the greater the hydrogen-ion concentration of the surrounding solution, the 
lower the absorption of PO4 ions and vice versa. Nevertheless, leaching of 
phosphorus may occur. A slight loss of phosphorus from a loam soil derived 
from Triassic Red Shale has been noted in the New Jersey Station cylinder 
experiments (5), especially in the larger phosphatic applications. On some 
North Wales shaly loams and even in some heavy clay loams Robinson and 
Jones (75) found considerable leaching of phosphorus—applied as slag— 
into levels below 18 inches, in a region where the leaching of the soil by per¬ 
colating waters is above normal. 

The foregoing evidence on superphosphate may be insufficient to provide 
rigid proof that the facts are best in harmony with the solution theory; but, 
on the other hand, no experimental work on superphosphates has, thus far, 
furnished any support for the theory of the absorption of colloids. If rigid 
proof were forthcoming that silica gels or sols are directly absorbed by plants, 
then, since it forms the greater portion of the outer coating of the soil colloidal 
particles, phosphorus and other ions absorbed by this hydrogel might be con¬ 
ceived to be carried into the root hairs with the silica, but until additional 
facts are obtained the view must be held to be purely speculative. 

(2) Sparingly soluble phosphates . Is it valid to deduce from the fact that 
fertilizers, like basic slags and mineral phosphates, are “sparingly” soluble 
that solubility is not the dominating condition of availability, as Comber 
(14) suggests? The terms “sparingly soluble” and “valuable” applied to such 
fertilizers are purely relative. On some soils and for some plants, especially 
the solanaceae , as will be discussed in a subsequent paper, the mineral phos¬ 
phates may be quite unavailable. Under favorable conditions, however, in 
some soils the mineral phosphates, especially “floats” (raw rock phosphate 
ground finer than 200 mesh), may be as available as the superphosphates. 

(a) Solubility and availability of “floats” Due to their variable content of 
CaCOs there is considerable variation in the solubility of the natural rock 
phosphates in water, carbonic and citric acids, etc. The extensive bibli¬ 
ography on the subject is recorded by Cameron and Hurst (11). These latter 
investigators arrived at the conclusion that rock phosphate undergoes hy¬ 
drolysis as follows: 

Ca,(P 04 ), + 4HaO - CaHP0 4 + 2CaO-H*0 + H 3 PO 4 
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The “solvation” of this mineral by water is, therefore, a solution not of the 
tertiary phosphate but of its decomposition products. It is then these 
secondary products that are subjected to the action of the solvent forces of the 
soil solution. Moreover, the solubility of these products is related to their 
availability. Thus, Vanstone (88) has found that all the phosphates of cal¬ 
cium examined by him were practically completely soluble in 2 per cent oxalic 
acid in half an hour at ordinary temperatures and that the intake of phos¬ 
phorus by the bean plant is proportional to the oxalic acid solubility. 

(b) Acids as a factor. There is some evidence to indicate that acids, es¬ 
pecially carbon dioxide, resulting from the decomposition of organic matter 
may, under some soil conditions, be an important factor. The laboratory 
experiments of Truog ( 86 ) and the field and laboratory work of Breazeale and 
Burgess ( 6 ) may be cited in this connection. The latter investigators found 
that in the case of wheat plants the relative absorption of PO 4 from rock phos¬ 
phate in soil culture solutions, treated with “floats” contained in distilled 
water only, was only 0.0104 gm, P0 4 , but 0.0188 gm. PO 4 when the solutions 
were saturated with C0 2 and 0.0206 gm. PO* from a dilute aqueous solution of 
Ca(H 2 PCXt) 2 . The availability of the rock phosphate used by these investi¬ 
gators in soil saturated with C0 2 , therefore, is not much less than that of 
superphosphate. Although, as will be shown in a later paper, it is unlikely 
that the soil solution is saturated with C0 2 , nevertheless, barring secondary 
reactions, the marked influence of this solvent on the availability of “floats” 
is indicated. It is probable that the reason why the earlier investigators 
failed to determine the influence of the C0 2 factor on the availability of rock 
phosphate was due not only to the reasons cited by Truog (86) and to reasons 
mentioned later (p. 263), but also to the unfortunate selection of the solvent 
used in extracting the phosphoric acid. When the extraction is carried out by 
means of the acids (citric, nitric) used by the earlier investigators, a reverse 
reaction sets in between the soluble calcium salt formed and the phosphoric 
acid that has become soluble, resulting in the precipitation of the phosphate 
( 88 ). 

From the foregoing it follows that an exact formula for the solubility of rock 

phosphate is not possible. It may be signified by the expression s = 

indicating that the solubility increases with the hydrogen-ion concentration 
of the solution. We should expect, therefore, as indeed Gedroiz (24) and 
McCall (56) and others have already shown, an increased availability of these 
naturally occurring phosphates on unsaturated soils. It has already been 
mentioned that Vanstone (88) found that the solubility of rock phosphate in 
2 per cent oxalic acid corresponded with the rate at which mineral phosphates 
are absorbed by plants and, furthermore, Kelly’s (47) laboratory experiments 
have indicated a depression in the solubility of Ca8(POi) 2 in the presence of 
CaCOs. 

However, the solution of the problem of the availability of rock phosphates 




H+ 

Ca++’ 
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to plants is not so simple as might be inferred from solubility results. The 
favorable factors leading to the solution of rock phosphate in the soil may be 
opposed by secondary reactions that tend to the “fixation” by bacteria (85) 
and to the precipitation by the hydrolyzing sol exchange bases, e.g., Al,Fe, 
(79) of the phosphorus thus rendered soluble. The new series of fertilizer 
plot experiments of the Pennsylvania Experiment Station, which were com¬ 
menced in 1920, may be cited in illustration. In these experiments the addi¬ 
tions of supeiphosphate and rock phosphate, respectively, to the lime with 
manure plots (pH 6 . 8 ) have given only approximately 15 per cent higher yields 
of com, oats, and wheat than on the lime without manure plots (pH 5.9 to 6.0). 

Current explanatipns, therefore, relative to the results obtained on the neutral 
or slightly acid soils of some of the eastern and middle western experiment 
stations, supplied with sufficient rainfall, to the effect that the amount of 
decomposing organic matter is the most important factor conditioning avail¬ 
ability of rock phosphate, require qualification. Generalization of the ex¬ 
planations presented by Breazeale and Burgess ( 6 ) of their results obtained 
on the Western alkaline soils which they maintain contain no free CO 2 and 
which give no response to rock phosphate additions is, therefore, limited by 
other factors. 

In many cases conclusions as to the relative availability of rock phosphate 
(and superphosphate) have been based on growth in sand culture experiments 
using mineral nutrient solutions. Such experiments, obviously, do not show 
the relative availabilities under field conditions. 

There is evidence that the mineral acids and possibly also acetic, butyric 
and lactic acids formed in the soil increase the availability of sparingly soluble 
phosphates. This is supported by the work of Hopkins and Whiting (40) on 
the availability of rock phosphates in the presence of ammonium salts, and 
also by the Lipman process (53, 54) of rendering floats available by utilizing 
the oxidation of sulfur by micro-organisms. 

(c) Absorption of PO 4 from very low concentrations. The concentration of 
phosphate ions in all soils is low. Numerous investigators, working with 
culture solutions, have shown that plants can develop normally in very dilute 
solutions of PO4. Thus, Breazeale and Burgess ( 6 ) found that oat and barley 
seedlings can absorb PO4 sufficient for normal development in a nutrient solu¬ 
tion containing only 0.50 p.p.m.; and Parker (70) found that com willl make 
maximum growth in culture solution containing only 0.25 p.p.m. P0 4 . If 
these results are applicable to field conditions, the small solubility of rock 
phosphate would present no difficulties to the acceptance of the older solution 
theories. 

Comber (15) points out that the naturally occurring phosphates do not 
seem to possess colloidal surfaces. But even if such a phosphate as “floats” 
was prepared in the colloidal condition and applied to the soil, it is question¬ 
able if carbon dioxide and the other solvents present would react with the 
colloid, owing to the influence of the electric charge carried by it. 
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The evidence presented affords no indication that the availability of rock 
phosphates is determined by any colloidal behavior. Rather does it point 
toward the conclusion that its availability is a question of absorption from 
solution as determined by the laws of diffusion and mass action, through the 
operation of which the rate of absorption of PO4 ions by the plant is a function 
of the rate of solution of the mineral phosphate. 

The behavior of other minerals is similar. Thus, the potassium or ortho- 
dase has a solubility of 282 p.p.m. in distilled water. One could hardly, 
therefore, attribute the results obtained by Haley (32), in which 200-mesh 
orthoclase used in sand cultures furnished potassium at a rate ample to produce 
large yields of buckwheat, to the colloidal condition of the orthoclase. 

(d) Iron and aluminum phosphates . Although there is evidence (58) to 
indicate that the artificially prepared phosphatic salts of iron and aluminum 
are more available to plants than the naturally occurring phosphates of these 
metals, there is nothing to indicate that colloidal behavior is the cause of this 
difference. Unfortunately, Marais (58) does not give the source of his “C.P.” 
materials, nor the relative fineness of division of any of the phosphates used. 
Although it is possible that the greater fineness of division of the artificial 
phosphates as well as the tendency towards increasing basicity and consequent 
insolubility of the natural products, as weathering proceeds, may be con- 
tributary causes, other factors may predominate. Thus, in the case of 
artificially prepared ferric phosphate, for example, Cameron and Bell (10) 
have shown that the acidic properties of the salt prepared by precipitation may 
be very pronounced, even after 100 washings, due to absorbed PO4 ions. The 
salt thus prepared is more soluble and, therefore, would be more available 
than the pure product. 

Moreover, since Marais (58) did not find the mineral aluminum and iron 
phosphates of any value except in the presence of ammonium compounds, it 
would be logical to infer that the availability of these mineral phosphates in the 
presence of nitrogenous salts would be due to the action of the nitric acid 
formed (40), the rate of solution being determined by the number of particles 
below the critical stage (p. 260). However, it must be admitted that our 
knowledge of the conditions rendering the various phosphates in the soil soluble 
are very unsatisfactory. Over twenty years ago it was suggested by Whitson 
and Stoddart (94) that the reason why acid soils act as if deficient in phos¬ 
phorus is due to the formation of aluminum (and iron) salts. Vanstone’s (89) 
experiments on the solubility of soils in citric acid give confirmative evidence 
of the relative insolubility of the phosphorus of acid soils. But the findings of 
some investigators (58,93) that the availability and, therefore, presumably the 
solubility of aluminum phosphate is increased by liming is not explicable on 
theoretical grounds. The equilibrium conditions of a solution involving A1 
(or Fe), Ca, PO4, H and OH ions may be written 

AIPO 4 Al +++ 4- P0 4 — 

3Ca(OH)j 60H- 4- 3Ca++ 


( 1 ) 

( 2 ) 
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A1+++ + 60H- AI(OH) 8 (3) 

PO*-+ 3Ca ++ «=± Ca s (P0 4 ) 2 (4) 

As the solubility product of AIPO 4 is less than Ca 3 (PC> 4 ) 2 , most of the P0 4 
ions, at pH 7.0 and above, would be precipitated as AIPO 4 (or FeP0 4 ). The 
tendency of lime would, therefore, be to depress the solubility of aluminum 
and ferric phosphates. 

Teakle (81) suggests from the results of his experiments that the following 
reactions may take place. 

above pH 6.4 

AIPO 4 + 60H- < — AlOa + POr + 3HaO (1) 

below pH 6.4 

and 


above pH 3.0 

FePOi 4* 30H- 4 - .- > Fe(OH), + POr (2) 

below pH 3.0 

also 


neutral conditions 

CaaCPOJa + 60H~ <-Ca(OH)* + 2POr (3) 

X+J Ca.CPOJ. -1- 2y(OH)--> zCa,(P0 1 ) 2 -yCa(0H), + ^ POr (4) 

alkaline conditions 

Under more alkaline conditions the calcic phosphate would give rise to a basic 
phosphate and P0 4 ions. But considerations of the solubility products of 
these substances lead to difficulties in accepting Teakle’s conclusions in toto. 

Austin (1) has challenged the belief that the formation of insoluble complexes 
of iron and aluminum phosphate in acid soils is the cause of the low avail¬ 
ability of phosphorus found in many acid soils. He did not, however, as the 
title would seem to suggest, use any soils in his experiments. The data was 
obtained by working with the pure hydrosol or hydrogel bases assumed to be 
present in soils, by titrating electrometrically with CaH^PCXV Austin’s 
conclusion is based on the fact that the titration of Al(OH) s and Fe(OH)s 
with CaH4(P0 4 )2 resulted in 82 per cent and 40 per cent, respectively, of the 
phosphorus still being in solution at pH 5.4, from which fact he concludes 
that at pH 5.4 the equations 

Al(OH)s + CaH*(P0 4 ) 2 -»■ A1P0 4 + CaHP0 4 + 3H*0 
Fe(OH), + CaH 4 (P 0 4 ) 2 -> FeP0 4 + CaHP0 4 4* 3HaO 

do not go to completion. In other words, in the presence of A1 (or Fe), Ca, 
P0 4 , H and OH ions a fairly acid soil would not have all the P0 4 ions com¬ 
bined with A1 (or Fe). 

The actual conditions in the soil are undoubtedly complex. Hydrous 
alumina has an isoelectric point of 6.5. If we consider its acidic dissociation 
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Al(OH)a —> AT" + 30H- obviously the addition of an acid will result in the 
formation of water by the combination of the H* of the acid and OH“ of the 
alumina. It follows, as Hardy (34) has indicated, that the colloidal hydrous 
alumina would be removed further from its isoelectric point and the potential 
difference between its surface and the dispersion medium would be increased. 
The addition of an anion, such as PO4 or Si02, would—depending on the other 
anions and cations present—result in the formation of insoluble complexes. 
The precipitating power of other anions would depend on their relative electro¬ 
negative affinity. As the soil solution became more acid we should expect A1 
(and Fe) ions to come into solution, for both aluminum phosphate and ferric 
phosphate become more soluble the higher the hydrogen-ion concentration of 
the medium. The system resulting would depend on the solubility products 
of the substances formed. 

(e) Basic slags . The expression “insoluble but available to plants” by which 
days have been characterized does not, without qualification, appear justi¬ 
fiable. The old Thomas slag obtained by the Thomas-Gilchrist-Bessemer 
process, which was produced by the addition of a basic “ limin g” of CaCOs and 
MgCOs, was of a fairly constant composition, the phosphorus of which is from 
80 to 95 per cent available to plants and showed close correlation with solu¬ 
bility in 2 per cent dtric add. The first “run off” used for the agricultural 
slag has a high phosphorus content. This Gilchrist-Bessemer process, how¬ 
ever, has now, for economical reasons, been largely superceded in Europe by 
the Siemens-Martin process, in which a caldum fluoride flux is used, resulting 
in slags of very variable composition and phosphorus availability (6 to 50 
per cent), but which show little correlation with solubility in 2 per cent citric 
add. The slags from the add-Bessemer and Basic Open Hearth processes 
used in the United States are not high in phosphorus and, moreover, the ores 
used for the making of steel in this country are invariably low in phosphorus. 

Stead, as recorded by Vanstone (90), gives CastPC^VCaO-CaSiOg as the 
composition of the low add soluble slags. The most soluble phosphate has 
the composition SCaO-SitVPaOB. When these silico-phosphates are applied 
to the soil the combined CaO is freed as weathering proceeds, permitting the 
ready dissolution of the P2O5 radical. The period of time for this weathering 
process to occur and, therefore, the availability varies with the nature of 
the slag. The smaller the amount of silicate in the slag the higher the avail-' 
ability. 

The behavior of slags in the soil, therefore, does not tend, without further 
experimental evidence, to support any theory of colloidal absoiption by 
plants. 
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In a previous contribution (10), the authors suggested a system of proximate 
analysis of peat material which accounts for about 90 per cent of its constit¬ 
uents in the form of definite chemical complexes. This system of analysis 
has been devised with the idea of throwing light upon the chemistry of the 
organic constituents of peat and upon the chemical processes involved in 
their formation from the natural plant materials. It was found that in all 
the lowmoor and sedimentary peats examined, the celluloses are completely 
or almost completely decomposed while some of the hemicelluloses, largely 
of a hexosan nature, are left; the highmoor peats, however, were found to 
contain considerable quantities of both celluloses and hemicelluloses. This 
marked difference in the chemical composition of these types of peat was found 
to be due not only to the specific environmental conditions prevailing in the 
peat bogs during plant growth and decomposition, but largely to the chemical 
nature of the organic constituents of those plant associations which gave 
origin to the specific peat formations. 

Lowmoor and sedimentary peats are also known to contain large quantities 
of organic nitrogenous complexes, the nitrogen content of these specific types 
of peat being considerably higher than that of the plants from which they 
have originated; on the other hand, the highmoor peats contain only a limited 
amount of organic nitrogen compounds, frequently even less than the plants 
from which these peats have originated. These important differences were 
explained as due largely to the nature of the decomposition processes of the 
various plant constituents, brought about by the microorganisms which are 
active in the formation of the different types of peat. The highmoor peats 
contain a considerably larger amount of fatty and waxy substances than the 
lowmoor and sedimentary peats. The low mineral content and high acidity 
of the highmoor peats, the fairly high mineral content and limited acidity of 
the lowmoor peats, and the great abundance to almost predominance of 
mineral matter and neutrality to alkalinity ofgthe sedimentary peats are also 
characteristic phenomena for differentiating the chemical composition of these 
important formations of peat. 

The following studies deal with two more profiles, one lowmoor and one 
sedimentary, which were taken from a distinctly different region and which 
result from different plant associations and are formed under conditions 
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entirely different from those of the New Jersey peat profiles. These studies 
were undertaken with the idea of throwing further light upon the chemical 
composition of peat and upon the chemical and biological processes involved 
in its formation from natural vegetation. 

The lowmoor peat used in these investigations represents a typical profile 
of the Everglade peat area in Florida. The authors are indebted to Dr. R. V. 
Allison of the Everglade substation at Belle Glade, for supplying the necessary 
material. The profile was taken about four miles south of Lake Okeechobee 
and about a quarter mile west of Okeelanta. 

The sedimentary profile was taken from a typical allochtonous peat forma¬ 
tion, referred to by European investigators as Gyttja. This peat has been 
formed in standing water, in a lake known as “Mud Lake,” about 20 miles 
northeast of Ocala in Northern Florida and about 80 miles SSW of Jackson¬ 
ville, Florida. The lake is fed by a series of springs and is bordered on the 
southwest and north by swamps, and on the east by a wooded hill; it drains 
on the northwest side into a river by means of a small creek. At the time 
of sampling, the surface of the peat was about three feet below the surface 
of the lake, while its depth extends to about forty-five feet. The authors 
are indebted to the Cummer Lumber Co. for supplying the required ma¬ 
terial from this peat formation. 

The Everglade lowmoor, or saw grass, profile was divided into seven sec¬ 
tions, designated as follows: 


Number 
of sample 

Depth 

cm. 


50 

0-7.5 

Dark brown to black, finely decomposed surface material with 
varying quantities of undecomposed fiber 

51 

7.5-30 

Upper fibrous layer {Cladium) gradually grading into pure 
Cladium peat 

52 

30-45 

Layer of dense fibrous peat derived entirely from saw grass 
{Cladium) 

53 

45-55 

Lower depth of fibrous layer and adjoining black compact layer 
of sedimentary peat 

54 

55-70 

Central portion of sedimentary layer consisting of black, com¬ 
pact, colloidal material, with a minimum of fibrous material 

55 

75-120 

Lower portion of sedimentary layer with adjoining upper portion 
of lower fibrous layer 

56 

125-135 

Lower fibrous layer of Cladium peat 


At a depth of 185 cm. rock formation is underlying the peat area. 

The fibrous layer consists of practically pure saw grass or Cladium . The 
sedimentary or plastic layer is a typical allochtonous formation resulting 
from an accumulation of wind blown, sedimentary vegetable material as well 
as of various water plants formed in permanent quiet bodies of water. When 
the lake-formed deposits have been built up to a point less than 10 feet below 
the average water level, species of Nymphaeaceae , Cladium , Sagittaria, etc., 
appear which gradually give rise to the brown fibrous peat which is autochton¬ 
ous in nature. This peat is later invaded by lowland trees. According to 
Forsaith (4), the allochtonous peat contains calcareous remains of Chora, 
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diatomaceous tests, limy silts, etc.; pollen grains of Abietineae and catkin¬ 
bearing angiosperms, spores of ferns, fungi; strips of cutinized epidermis, 
idioblasts of water lilies and fragments of woody and herbaceous plants; ani¬ 
mal derivatives, such as chitinized portions of insects, spicules of fresh water 
fungi, infusoria, shells of mollusks and protozoa. This mass of material can 
be distinguished even from the well-decomposed plant residues of autochtonous 
peat (when the water level was low), both by microscopic structure and by 
chemical composition. 

Dachnowski (3) analyzed both the sedge peat and the sedimentary peat in 
approximately the same part of the Everglades from which the samples used 
in these investigations were obtained, with the following results: The air-dry 
sedge peat contained 11.24 per cent water, 7.2 per cent ash, 19.63 per cent 
protein and 0.25 per cent fat, whereas the sedimentary layer contained 9.81 
per cent water, 32.67 per cent ash 15.75 per cent protein and 0.15 per cent 
fat. On an ash-free and moisture-free basis, the sedge peat contained 24.07 
per cent protein and the sedimentary peat 27.38 per cent. 

Miller ( 6 ) reported the following inorganic constituents in the plants of 
Cladium eflusum, on per cent basis of dry material: Si0 2 — 0.30; Fe 2 O a + 
A1 2 0 3 - 0.11, CaO - 0.57, MgO - 0.11, Na*0 - 0.16, K 2 0 - 0.35, P 2 0 6 
- 0.07, and nitrogen - 0.8. The saw grass peat contained, on a similar 
basis: total ash 6.8 to 7.7, Si0 2 - 1.95 to 2.04, Fe 2 0 3 + AI 2 O 3 - 0.60 to 
0.69, CaO - 2.74 to 3.02, MgO - 0.44, Na*0 - 0.14 to 0.19, K®0 - 0.06 
to 0 . 11 , P 2 Oe - 0.13 to 0.15, nitrogen - 3.32 to 3.84 per cent. The results 
show that with the decomposition of the saw grass, there is a considerable 
loss of potassium and a gain in nitrogen and various bases. Assuming that 
there was no loss of silicon in the process of peat formation from the saw- 
grass plants, Miller calculated that about seven parts of plant material were 
required to produce one part of peat. 

Rose (7) found 0.067 per cent K 2 O in the saw grass peat and 0.122 per 
cent in the sedimentary peat. Hammar (5) made a detailed analysis of the 
inorganic constituents of several of the peat areas in the Everglades, namely 
the saw grass peat, the sedimentary peat itself which gives the so-called 
custard-apple soil or plastic soil, and an intermediary peat, which gives the 
so-called elderberry soil. His results can be summarized as follows, on a per 
cent basis of dry peat: 


CONSTITUENTS 

SAW-GRASS 

PEAT 

SEDIMENTARY 

PEAT 

INTERMEDIATE 

PEAT 

Organic matter. 

percent 

86.37 ! 

percent 

44.52 

percent 

77.65 

2.65 

20.35 

9.87 

1.81 

5.25 

0.13 

Nitrogen. 

2.79 

1.47 

Ash.. 

13.63 

55.48 

SiO s . 

4.12 

35.81 

FesOs. 

1.01 

5.04 

CaO. 

5.21 

3.81 

0.09 

MgO. 

0.10 

PjO t . 

0.42 

0.48 

0.42 

AlaO*. 

0.30 

5.08 

0.78 

















274 


SELMAN A. WAKSMAN AND KENNETH R. STEVENS 


The sedimentary peat profile was taken, in one foot sections, from the 
surface of the peat (3 feet below surface of lake) to a depth of 12 feet. These 
twelve sections were combined so as to give only 6 layers of the profile, in¬ 
cluding the upper one foot, 1-2, 2-4, 4-6, 6-8, 8-10, and 10-12 feet. In the 
analyses reported in the previous papers (11), only sedimentary layers were 
analyzed from lowmoor and highmoor peat profiles. Those layers were char¬ 
acterized by a high ash content, frequently as much as 60 per cent of the 
total dry material, a high protein content (10 to 24 per cent), practically no 
cellulose, varying amounts of hemicellulose and a low ether soluble fraction. 

The chemical composition of the Everglade peat has attracted considerable 
attention, just as the whole problem of the utilization of the Everglades 


TABLE 1 

Chemical composition of Florida (Everglade) peat profile 
On per cent basis of dry material 


H 

s 

s 

s 

I 

55 

PEAT PORMATION 

1 

3 

8 

l 

§ 

1 

! 

i 

ETHER SOLUBLE 

COLD AND HOT WATER 
SOLUBLE 

ALCOHOL SOLUBLE 

1 

CELLULOSE 


t 

i 

50 

Surface layer 

cm. 

0-6.5 


22.75 

2.96 

1.31 

1.22 

6.87 

H 

43.72 

91.22 

51 

Upper fibrous layer 

6.5-26 



2.98 

1.73 

inm 

6.41 

wfm 

46.12 

91.64 

52 

Typical saw-grass 

26-40 

6.86 

22.25 

3.16 


1.31 

8.04 


44.90 

88.55 

53 

peat 

Lower fibrous layer 

40-50 

8.05 

21.25 

3.21 

1.45 

1.39 

7.63 


47.63 


54 

Sedimentary layer 

50-62 

59.60 

Etui 

2.97 

1.07 

0.45 

2.19 

0 


19.33 

94.61 

55 

Lower portion of 

62-70 

42.37 

12.98 

1.46 

0.82 


2.64 

0 


28.47 

89.42 

56 



15.14 


1.58 

0.84 

1.23 

4.30 

0 


48.44 

91.91 


However, as seen from the previous references, very little attention has been 
paid to the chemical nature of the organic complexes in this most extensive 
peat formation, and to the influence that this may have upon the productivity 
of the peat when it is changed by draining and cultivation, into a crop- 
producing soil. 

The seven horizons of the saw-grass peat profile were analyzed according 
to the method previously described. The results are presented in table 1. 
To enable us to compare the abundance of the various organic complexes in 
the several layers of the profile, the figures representing the hemicellulose, 
lignin and protein content of the different horizons are calculated on an ash¬ 
free, dry basis and reported in table 2* 

The results of the chemical composition of this lowmoor peat profile confirm 
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the observations of other investigators in regard to the organic matter, ash 
and nitrogen content of the saw-grass and sedimentary peat formations. Not 
only the younger saw-grass peat or the layers above the sedimentary peat 
but also the older saw-grass peat, or the layer below the sedimentary peat 
contain about 93 to 85 per cent organic matter, while the sedimentary ma¬ 
terial itself is very high in inorganic matter and contains only 40.40 to 57.43 
per cent of organic substances. 

The upper horizons of the profile, namely the younger saw-grass peat, still 
contain small amounts of cellulose, while the sedimentary peat and the layers 
of older saw-grass peat are entirely free from cellulose. The hemicellulose 
content is also considerably higher in the younger saw-grass peat than in 
the sedimentary and the older fibrous peats. One must recall in this con¬ 
nection that the saw-grass plants were found to contain 28.3 per cent cellulose 
in the stems and 30.7 per cent in the roots, as well as 21.5 and 20.8 per cent 
pentosan in the stems and roots respectively. In other words, as a result 


TABLE 2 

Chemical composition of the organic matter of an Everglade peat profile 
On per cent basis of moisture-free and ash-free material 


NUMBER OF SAMPLE 

HEMICELLULOSE 

LIGNIN-LIRE COMPLEXES 

1 

PROTEIN 

50 

7.81 

49.68 

25.85 

51 

7.12 

51.24 

25.62 

52 

8.64 

48.23 

23.90 

53 

8.29 

51/66 

24.18 

54 

5.42 

47.80 

22.28 

55 

4.58 

49.43 

22.53 

56 

5.06 

57.05 

24.01 


of decomposition of the plant residues by microorganisms in the process of 
peat formation, nearly all the cellulose and a large part of the hemicellulose 
have disappeared. It is again important to call attention to the fact pointed 
out previously (11) that while in the fresh saw-grass plants most of the hemi- 
celluloses are made up of pentosans, in the peat itself most of the hemicellulose 
is of a hexosan nature. This points to as nearly complete a decomposition 
of the pentosans as of the celluloses and to an accumulation of certain hemi- 
celluloses of a hexosan nature resistant to decomposition, some of which are 
of plant origin and some have no doubt been synthesized by the microorgan¬ 
isms bringing about the decomposition processes in the peat. 

The protein content, determined by total nitrogen, is considerably higher 
in the saw grass than in the sedimentary peat, but the difference becomes 
less marked when calculated upon an ash-free basis. The same is true of the 
lignin-like complexes, or that fraction of the organic matter which is in¬ 
soluble in ether, alcohol, boiling dilute hydrochloric acid and cold 80 per cent 
sulfuric acid, followed by boiling in 5 per cent of this acid. The lower or 
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older saw grass peat contains considerably more lignin and less of the ether 
and water soluble materials as well as of the hemicellulose fraction than the 
younger saw-grass layers of the peat profile. This, as well as the complete 
absence of cellulose, indicates that considerably greater decomposition has 
taken place in the older saw-grass peat than in the younger formations. 

Definite chemical differences are thus found to exist not only between the 
saw-grass and sedimentary peats, but also between the younger and older 
saw-grass peat formations. It would be of considerable interest to determine 
whether these differences have an influence upon the rapidity of decomposi¬ 
tion of peat and the liberation of the nutrients, especially of the nitrogen, in 
an available form. Fortunately, the sedimentary peat forms large out¬ 
croppings, where no surface layer of saw-grass peat has as yet been formed, 
namely in the form of a narrow zone just adjoining the lake Okeechobee. 
When drained and cultivated, the sedimentary peat, known locally as “custard- 


TABLE3 

Evolution of CO% and formation of nitrate from 100-gm. portions of different layers 
of an Everglade peat profile 


NUMBER OF 
LAYER 

TOTAL COj-EVOLUTION (MOM. OE C) 

NITRATE FORMA¬ 
TION (MGM. N) 

MOISTURE CON¬ 
TENT (per cent) 

9 days 
incubation 

18 days 
incubation 

32 days 
incubation 

32 days 
incubation 

50 

15.0 

24.7 

41.8 

13.24 

66.8 

52 

8.3 

13.5 

24.9 

12.5 

71.4 

53 

7.0 

10.8 

18.2 

5.5 

88.3 

54 

2.5 

4.0 

6.5 

5.1 

85.0 

55 

- 3.6 


12.0 

1.6 

75.8 

56 

3.8 


12.9 

0.6 

83.4 


apple soil,” is found to be very fertile, while the saw-grass peat is of con¬ 
siderably lower fertility as far as the growth of cultivated plants is concerned. 

Although a detailed survey of the microorganisms found in different layers 
of various peat profiles and of the microbiological processes taking place in 
the formation of peat and in the decomposition of peat when the latter is 
drained and cultivated, is reserved for a later publication, certain data will 
be presented here in an attempt to throw light upon any possible differences 
in the transformations which take place in the saw-grass and sedimentary 
peat regions in the Everglades when they are subject to the action of a mixed 
flora and fauna of microorganisms. 

One-hundred-gram portions of the natural moist peat were taken from the 
various layers of the profile, placed in aeration flasks and incubated for 32 
days, at 25°C. At the end of that period of time the total nitrate nitrogen 
was determined. The evolution of carbon dioxide from each 100-gram portion 
of moist peat and the liberation of nitrogen in the form of nitrate are reported 
in table 3. 
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The results show that there is a gradual decrease in the rapidity of libera¬ 
tion of carbon dioxide and formation of nitrate nitrogen with the depth of the 
peat profile. One must consider of course the fact that the moisture content 
of the material taken from the different layers varies, and, when calculated 
on the basis of actual amount of dry peat undergoing decomposition, different 
results will be obtained: 33.2 gm. of the dry peat of No. 50, or the uppermost 
layer, gave off, in 32 days, 41.8 mgm. of C as CO 2 and allowed the accumula¬ 
tion of 13.2 mgm. of nitrate nitrogen. An equal amount of peat in the 
form of No. 52 gave off 28.9 mgm. of C as CO 2 and produced 14.5 mgm. of 
nitrate nitrogen. The same amount of peat in horizon No. 53 gave off 51.7 
mgm. of C as CO 2 and liberated 15.6 mgm. of nitrate nitrogen. An equal 
amount of peat in the form of No. 54, or the sedimentary layer, produced 
14.4 mgm. of C as C0 2 and liberated 11.3 mgm. of nitrate nitrogen. 

In other words, the seemingly marked differences would tend to disappear 
when compared on a dry basis of the peat undergoing decomposition. If a 
comparison is further made on the basis of ash-free peat, the results for the 
sedimentary peat (No. 54) would be further increased due to the high ash 
content of this horizon. 

In general, one must conclude from these data that the rapidity of decom¬ 
position of the organic matter in the various peat layers is rather slow, as 
indicated by the slow evolution of carbon dioxide, when this is compared 
with the rapidity with which carbon dioxide is given off in the decomposition 
of fresh organic matter. However, in the decomposition of the peat there is 
rapid evolution of nitrogen in an available form. With the exception of the 
very lowest layers of older saw-grass peat, the ratio between the carbon 
liberated as carbon dioxide and the nitrogen formed as nitrate is very narrow, 
almost 1.3 to 1 in the case of sedimentary peat and 2-3.3 to 1 in the upper 
layers of saw-grass peat. In the case of ordinary soil organic matter the ratio 
of the carbon liberated as C0 2 to the nitrogen formed as nitrate is about 10:1, 
or very similar to the ratio of carbon to nitrogen in the soil organic matter 
itself (8). 

These results tend to indicate that the nitrogenous complexes, in the 
Everglade peat at least, undergo much more rapid decomposition than the 
non-nitrogenous organic complexes. In other words the very definite ratio 
between the carbon to nitrogen has not been established as yet when com¬ 
pared with the organic matter in normal field soils. What will happen in 
these peats upon prolonged cultivation still remains to be shown. It is quite 
possible that the available nitrogen may be rapidly liberated and the carbon- 
nitrogen ratio actually widened. This may bring about later the actual need 
for nitrogen fertilization in an injudicious management of the soil. The 
economic problem might then become somewhat similar to that of the high- 
moor peats, where there was only little nitrogen to begin with. 

To be able to compare the decomposition processes that would take place 
in these peat formations when brought to a lower moisture content, and to 
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have a more correct basis for comparison of the rapidity of decomposition 
of the organic matter in the different horizons, the various peat samples were 
partly air dried, then adjusted to the same moisture content; thus, 75 grams 
of material taken for the decomposition studies contained 25 grams of dry 
matter and 50 grams of water, giving a moisture content of 66,7 per cent. 
These preparations were placed in aeration flasks and incubated as before. 
Both amm onia and nitrates were determined in the peats at the end of the 
incubation period. The results reported in table 4 are quite similar to those 
obtained with the naturally moist peat. The younger saw-grass peat and 
surface layers have decomposed more rapidly than the lower layers, especially 
the older fibrous peat. These results confirmed the previous observations 
concerning the very narrow ratio between the carbon liberated as CO 2 and 
the nitrogen made available as ammonia and nitrate. 

The rapid liberation of the nitrogen in the peat in an available form no doubt 
accounts for the high fertility of these bogs when they are drained and brought 


TABLE 4 

Evolution of CO 2 and formation of nitrate from different layers of an Everglade peat profile, 
using 25-gm . portions of dry material and 200 per cent moisture 


NUMBER OF 
LAYER 

TOTAL CO* EVOLUTION (MGU. C) 

NITROGEN LIBERATION IN 32 DAYS 
(ifGif.) 

5 days 
Incubation 

12 days 
incubation 

26 days 
incubation 

32 days 
incubation 

NH* 

NCh-N 

Total N 

50 

11.5 

23.9 

44.6 

54.8 

4.82 

13.20 

18.02 

52 

16.9 

28.6 

44.4 

51.8 

2.45 

23.24 

25.69 

54 

3.8 

7.0 

13.6 

15.7 

1.25 

5.70 

6.95 

56 

2.9 

6.7 

16.2 

21.1 

1.20 

3.45 

4.65 


under cultivation. Although certain differences are found both in the chem¬ 
ical composition and in the rapidity of decomposition between the typical 
saw-grass peat and the sedimentary or plastic peats, these differences are 
not sufficient to explain why the latter type of peat (as found around Lake 
Okeechobee) should prove to be much more fertile than the saw-grass peats 
themselves. It is suggested, as a result of these studies that the insufficient 
fertility of saw-grass peats as compared with sedimentary peats should be 
looked for in some other factor rather than in the nature and abundance of 
the nitrogenous complexes in the two types of peat or in the rapidity of their 
relative decomposition and liberation of the nitrogen in an available form. 

Allison and his associates (1) have shown that the addition of copper to 
saw-grass peat greatly stimulates the growth of cultivated crops; however, 
copper has no effect upon the microbiological activities in the peat itself. 
This shows further that we are dealing here with another limiting factor 
in the growth of plants on these two types of peat. 

Smith (9) actually succeeded in demonstrating the existence in certain 
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types of peat of a substance which is distinctly toxic to plant growth; this 
toxicity or injurious action can be overcome by the use of copper. It still 
remains to be shown of course whether this specific injurious substance exists 
only in the one type of peat and not in the other. At least one fact remains 
certain that if such a substance exists in the saw-grass peat and not in the 
sedimentary type peat, its action upon the growth of certain higher plants 
must be much more marked than upon the growth of certain microorganisms 
in the soil. 


TABLE 5 


* Moisture content , reaction , ash, and nitrogen content of sedimentary peat profile 


NUMBER 07 SAMPLE 

DEPTH FROM 
SURFACE OF PEAT 

MOISTURE CONTENT 
07 FRESH MATERIAL 

REACTION 07 FRESH 
MATERIAL 

NITROGEN CONTENT 
OF DRY MATERIAL 


cm. 

per cent 

pH 

percent 

80 

1-30 

97.82 

7.SO 

3.40 

81 

30-60 

97.75 

7.55 

3.00 

82 

60-120 

90.90 

7.25 

2,41 

83 

120-180 

91.46 

7.06 

2.48 

84 

180-240 

95.45 

7.15 

2.56 

85 

240-300 

94.23 

7.28 , 

2.67 


TABLE 6 

Chemical composition of the various layers of the sedimentary peat profile 


(Percentage calculated from total of dry material) 


NUMBER 

ETHER 

SOLUBLE 

FRACTION 

ALCOHOL 

SOLUBLE 

HOT WATER 
SOLUBLE 

HEMICEL¬ 

LULOSE 

LIGNIN¬ 
LIKE COM¬ 
PLEXES 

PROTEIN 

ASH 

SUM 

80 

0.12 

0.15 

1.09 

13.96 

27.02 

21.25 

18.81 

82.40 

81 

0.16 


0.94 

12.87 

32.50 

18.75 

24.44 

90.03 

82 

0.41 

0.61 

0.71 

4.17 

35.19 


39.56 

95.71 

83 

0.59 

msm 

0.60 

2.40 

52.58 

15.50 

23 JO 

95.99 

84 

0.84 

B9 

0.59 

4.01 

63.22 

16.00 

8.79 

94.41 

85 

0.62 

1.55 

0.76 

3.34 

51.55 

16.69 

14.73 

89.24 


The second peat profile from Florida, namely, the allochtonous or Gyttja 
peat from Mud Lake was also subjected to a chemical analysis, using the 
methods previously (10) outlined. The results are given in tables 5 and 6. 

The whole profile was practically free from cellulose, with the exception of 
mere traces in the upper layers. The low content of ether, alcohol, and water 
soluble materials, the high content of ash, protein and lignin-like complexes 
characterize this pure sedimentary profile as well as they do the sedimentary 
layers of other profiles. It is interesting to compare these figures with the 
composition of the Gyttja layers (A$) of the Newton peat profile (11), which 
had 0.36 per cent ether-soluble material, 1.24 per cent water-soluble material, 
no cellulose, 5.92 per cent hemicellulose and 9.81 per cent protein. The 
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difference in the ash content in the different sedimentary peats will explain, 
to a large extent at least, certain of the differences in composition. 

This formation was found to represent a number of highly interesting 
chemical and microbiological phases and it is our hope to come back to it 
later, for more extensive studies. 


SUMMARY 

1. The results of chemical analyses of an Everglade peat profile and a pure 
sedimentary (Gyttja) lake profile are reported. 

2. The Everglade peat profile contains small amounts of cellulose only in 
the upper layers of saw-grass peat but none in the plastic and lower fibrous 
layers. 

3. The chemical composition of the saw-grass layers of the Everglade peat 
is similar to other lowmoor peats. It is characterized by a low content of 
ether-, alcohol-, and water-soluble constituents, a medium hemicellulose and 
ash content and a considerable protein and lignin content. The plastic or 
sedimentary layer, however, is characterized by a low hemicellulose content 
and an exceptionally high ash content. The content of lignin-like complexes 
and proteins, when calculated on an ash free basis, are similar to the saw- 
grass peat layers. 

4. In the decomposition of both the saw-grass and sedimentary layers of 
the Everglade peat, there is a rapid evolution of nitrogen in an available form 
and its accumulation as nitrate. The ratio between the carbon liberated as 
carbon dioxide and the nitrogen changed to nitrate is very narrow (1.3:1 to 
3.3:1), much more so than in the decomposition of organic matter in ordinary 
soil. 

5. There is no marked difference in the rapidity of liberation of nitrogen in 
an available form in the saw-grass and sedimentary layers of the Everglade 
peat profile. Any difference in fertility of soils produced by drainage and 
cultivation of the saw-grass and sedimentary types of peat and any favorable 
effect of copper upon plant growth should be looked for not in any difference 
in the activities of microorganisms or liberation of nitrogen from the organic 
complexes of the peat, but as due to some other factor. 

6. An analysis of the chemical composition of a sedimentary peat profile 
taken from a lake in Florida, outside of the Everglade region, shows a similarity 
of this peat to sedimentary (Gyttja) layers of other peats, namely freedom 
from cellulose, a low content of ether-, alcohol-, and water-soluble constituents, 
a fairly high hemicellulose content, a high ash, protein, and lignin content. 
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In the autumn of 1924, Dr. B. W. Wells and the writer began an ecological 
study (22) of an upland grass-sedge bog located near Burgaw, Pender County, 
North Carolina. The vegetation on this area was decidedly unusual as com¬ 
pared with the type of vegetation found on most of the other parts of the 
coastal plain region of North Carolina, and pointed to an interesting complex 
of causal factors. 

In connection with this ecological study the writer began the study of the 
microbiological activities of the soil of this upland bog. These soil studies 
were continued until the autumn of 1927 and form the basis of this paper. 

DESCRIPTION OP THE BOG AREA 

Location . The bog, known locally as the “Big Savannah,” is located about 
2 miles north of Burgaw, Pender County, North Carolina. It is on a part of 
the Wicomico terrace of the coastal plain region. This terrace was raised 
from the ocean during lie Pleistocene Age. The bog is located a few miles 
west of the eastern edge of this terrace, and is now 24 miles from the ocean. 

Site and topography . The area covered by the main bog is about miles 
long by 1 mile in width, comprising about 1,600 acres. The general shape of 
the area is in the form of a capital Y. 

The surface of the bog is 17.7 meters above sea level. Although the main 
part of the bog is almost entirely level, the surface is roughened by innumerable 
small tussocks and ridges which are rarely over 10 cm. high. Scattered over 
the area there are numerous ant-hills which are 15 to 20 cm. high. 

The bog is one of the highest areas in Pender County. On every side of 
the bog we find the beginnings of small streams which have their origin in 
shallow swamps, only a few centimeters to a meter or two below the surface 
of the main part of the bog. 

Vegetation . The bog has been called a savannah by local people, and 
more commonly the “Big Savannah.” It is not, however, a true savannah, 
as a savannah is a grassland with trees on it, whereas the bog in question is 

1 Part of a thesis submitted to the faculty of Rutgers University in partial fulfillment oi 
the requirements for the degree of Doctor of Philosophy. 
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almost free from trees. Its general aspect is rather that of a prairie. The 
plants on the bog are representatives of about one hundred species, mostly 
perennials. The dominant plants are grasses and sedge?. Species of Corex 
are however entirely absent, and leguminous plants never occur on the bog 
proper. A complete list of the species of plants found on this area is given 
by Wells and Shunk (22). 

The grass-sedge complex is kept on the bog due to frequent fires which occur 
almost once a year and keep the bog practically treeless. 

Soil. The soil of the bog is of the type known as “Portsmouth very fine 
sandy loam.” It has been formed from the very fine sand laid down in deep 
water IS to 20 miles off shore, before the Wicomico terrace was raised above 
the level of the ocean. A partial mechanical analysis of the surface soil 
made by Wells and Shunk (22) gave the following: 



MILLIMETERS 

PERCENT 

Pine gravel. 

2 -1 

0 

Coarse sand . 

1 -0.5 

0 

Medium sand. 

0.5 -0.25 

5.4 

Pine sand... 

0.25-0.1 

24.5 

Very fine sand, silt, day, etc. 

0.1 and less 

70.1 



The subsoil is a mottled gray and yellow very fine sandy clay to a depth 
of a meter and more. 

The carbon content of the surface soil as found by analysis is 3.26 per cent 
of the dry weight of the soil. The total nitrogen content is 0.24 per cent, 
thus giving a carbon-nitrogen ratio of 13.6 : 1 as compared to the usual average 
10 : 1 ratio of cultivated fertile soils. 

One of the most marked characters of the soil of this upland bog is the thick 
dark humus layer. This layer is from 35 to 40 'em. thick in the middle of 
the bog. The greater part of the roots of the grasses and other plants is 
found in this dark soil layer, and it is doubtless due to the partial decomposi¬ 
tion of these roots that this thick layer containing humus has been accumu¬ 
lated. In most other types of areas of the coastal plain region the humus 
layer is rarely over 10 cm. thick. 

On account of the very level surface of the whole bog, and the practically 
impervious subsoil, the area has very poor drainage. Much of the rain that 
falls on the bog remains there until lost by evaporation, or by the transpira¬ 
tion of plants. For this reason anerobic conditions prevail in this soil for a 
considerable part of the time, each heavy rain nearly or completely filling the 
bog with water. Even in dry weather, on account of the fineness of the soil 
particles causing good capillary action, the upper part of the bog remains 
moist, except in such very unusual seasons as the summer of 1926, when the 
water table fell to a meter and more below the surface. During this time the 
surface became quite dry. 
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HISTORICAL 

So far as the writer has been able to learn, there has been little work done 
previously on the microbiology of the soils of upland bogs such as the soil 
of the “Big Savannah,” and other grass-sedge bogs of eastern North Carolina. 
There have been made in North Carolina, however, some studies giving an 
idea of the extent of ammonification of nitrification in soils similar to the 
soil with which this paper deals. 

Stevens and Withers (13) in 1909 in a series of tests of ammonification and 
nitrification, collected among other samples, one from a “savannah” in Craven 
County, N. C. This sample was tested for its ability to cause nitrification 
when inoculated into a suitable sterilized soil to which ammonium sulfate 
had been added. A further test was made to determine its ability to nitrify 
ammonium sulfate added to the soil itself, and incubated at optimum moisture 
concentration for four weeks. The results of the tests were as follows: (a) 
No nitrification occurred in the soil containing ammonium sulfate after in¬ 
oculation with an infusion from the “savannah” soil, (b) When ammonium 
sulfate was added to the soil itself, no nitrate was found after four weeks of 
incubation. 

Willis (24) has studied the relations existing between nitrification and 
acidity in certain muck lands of eastern North Carolina. In cut-over swamp 
land that has been drained, Willis found nitrate nitrogen in soil with an acidity 
as great as pH 3.62. He found that a sort of equilibrium existed about pH 
4.0. If a small amount of lime was added, and the reaction made less acid 
than pH 4.0, nitrification was accelerated and the production of nitric acid 
from the large supply of organic nitrogen on hand again brought the pH to 
approximately 4.0. 


EXPERIMENTAL WORK 

The experimental work was carried out by studies of the following: 

I. The numbers of bacteria, actinomyces and fungi in the soil under different condi¬ 
tions of treatment. 

II. Effect of different soil treatments on the formation of ammonia and nitrates, 
m. Rate of activities of soil microorganisms under different treatments as evidenced 
by the amount of carbon dioxide evolved. 

IV, Character and amount of the soil organic matter. 

V. Decomposition of cellulose added to the soil 

VI. Nitrogen fixation. 


L Numbers of microorganisms 

Eight samples of soil were taken to a depth of about 15 cm., sifted through 
a 2 to 3 mm. sieve and composited. The moisture content of this soil when 
taken to the laboratory was 9.9 per cent on the basis of dry soil. By the use 
of Hilgard cups it was found that the water holding capacity of this soil was 
63.1 per cent on the basis of dry soil. 
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The moisture content of the soil was brought to 60 per cent of its water 
holding capacity by the addition of distilled water. Twelve pots were then 
filled by using 2500 gm. of moist soil per pot. Each of the pots was then 
inoculated with a suspension of soil from a local greenhouse (State College, 
Raleigh, N. C.) mixed with soil from a cultivated field near the “savannah 
bog.” 

The soil in the pots was treated as follows: 

Pot number 

1 Untreated 

2 Untreated 

3 Plus 0.5 per cent of calcium carbonate 

4 Plus 0.5 per cent of calcium carbonate 

5 Plus 0.10 per cent of sodium nitrate 

6 Plus 0.10 per cent of sodium nitrate 

7 Plus 0.5 per cent of calcium carbonate and 0.10 per cent of sodium nitrate 

8 Plus 0.5 per cent of calcium carbonate and 0.10 per cent of sodium nitrate 

9 Sub-optimum moisture, 40 per cent of saturation 

10 Sub-optimum moisture, 40 per cent of saturation 

11 Flooded 

12 Flooded 

These pots were kept in the incubator room at a temperature of approxi¬ 
mately 25°C. for a little over four months, and then kept at room temperatures 
for the remainder of the experiment. 

Throughout the course of the experiment samples of soil from the different 
. pots were plated at eight different intervals and the numbers of bacteria, 
actinomyces and fungi were determined. The media used were acid agar 
[Waksman (15)] for the determination of the fungi, and albumen agar [Waks- 
man and Fred (16)] Tor the determination of the bacteria and actinomyces. 

Table 1 gives a su mm ary of the averages of the numbers of microorganisms 
found in the eight different platings, and also the pH of the soils at the dose 
of the experiment. The reaction of the soils was determined by the use of the 
quinhydrone electrode. Table 2 is given to show the fluctuation in numbers 
of the bacteria in the case of soil with optimum moisture, with lime added 
and optimum moisture, and under flooded conditions. 

The addition of calcium carbonate caused a great increase in the numbers of 
bacteria. As shown by figure 1 in which the numbers of the bacteria in the 
soil that had been limed and in the untreated soil are compared, at the end 
of the first 26 days the bacterial numbers are about one hundred times as 
high for the limed soil as for the unlimed. From that time until the 181 st 
• day, there is a fairly large uniform decrease in the numbers in the limed, as 
compared with a slight decrease for the unlimed soil From the 181 st day to 
. the 291 st day, the numbers show a steady rise for the limed soil, whereas the 
numbers in the untreated soil show merely a slight increase. 

: It is evident that many of the organisms present in the soil at the beginning, 
ot added in the inoculum, found conditions favorable in the lime d soil, and 
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thus gave the tremendous initial increase in the numbers. However, after 
a few weeks they decreased quite rapidly, due perhaps to the using up of 
certain of the more readily available food materials. This decrease seems 


TABLE 1 

Summary of averages of numbers of microorganisms present per gram of dry soil in the pots 
during the period October 29, 1926 to August 16,1927 


TREATMENT 

POT 

BACTERIA AND 
ACTINOMYCES 

ACTINO¬ 

MYCES 

FUNGI 

pH AT 
CLOSE OF 
EXPERI¬ 
MENT 

None.| 

1 

2,558,000 

327,000 

81,000 

5.2 

2 

2,565,000 

388,000 

87,000 

5.25 

Plus lime. j 

3 

109,200,000 

474,000 

74,000 

7.4 

4 

126,900,000 

512,000 

77,000 

7.3 

Plus nitrate. j 

5 

7,860,000 

513,000 

138,000 

4.7 

6 

2,208,000 

431,000 

107,000 

4.95 

Plus lime and nitrate. j 

7 

8 

104,900,000 

118,070,000 

392,000 

449,000 

92,000 

94,000 

7.3 

7.4 

Sub-optimum moisture. j 

9 

10 , 

1,588,000 

1,482,000 

389,000 

284,000 

80,000 

93,000 

4.8 

4.85 

Flooded. j 

11 

1,243,000 

410,000 

57,000 

5.6 

12 

1,029,000 

425,000 

55,000 

5.75 


TABLE 2 

Fluctuation in numbers of bacteria per 1 gram of dry soil in drained , drained and limed\ 

and in flooded soil 


INCUBATION 

DRAINED (AVERAGE OF 
POTS 1 AND 2) 

DRAINED AND LIMED 
(AVERAGE OF POTS 3 
AND 4) 

FLOODED (AVERAGE OF 
POTS 11 AND 12) 

days 

26 

1,935,000 

233,250,000 

1,050,000 

61 

1,963,000 

193,624,000 

533,000 

88 

1,450,000 

143,650,000 

680,000 

116 

1,545,000 

136,725,000 

415,000 

150 

760,000 

49,650,000 

652,000 

181 

2,796,000 

22,600,000 

1,012,000 

239 

2,825,000 

60,330,000 

910,000 

291 

4,320,000 

101,833,000 

995,000 

Averages for period.... 

2,199,000 

117,708,000 

781,000 


not to have been due to a decrease in the amount of mobilized nitrogen, for 
the amount of ammoniacal and nitrate nitrogen was actually greater during 
the period of bacterial depression than earlier in the experiment when the 
numbers of bacteria were higher. 
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The lowest part of the curve in figure 1 for the limed soil is correlated with 
the temperature conditions under which the soil was kept. On March 12, 
1927, on the 134 th day of the experiment, the pots were removed from the 
incubator room where they had been kept at a temperature of approximately 
2S°C. The soils were then transferred to glass jars and transported to New 



Flo. 1. Numbers or Bacteria in Unuhed and Tamed Soils Based on the Averages or 
Pots 1 and 2, and or Pots 3 and 4 

Jersey in an open car. On their arrival at the New Jersey Experiment Station 
they were transferred to pots and kept in the laboratory at room temperatures 
for the remainder of the experiment During the trip from Raleigh, N. C. 
to New Brunswick, N. J. the temperature dropped to around the freezing 
point, or below, and the room temperature at New Brunswick was nearer 
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20° than 2S°C. until well into the summer. Later in June, July, and August 
the general increase in the summer temperature brought the room temperature 
to a higher figure, the rise in temperature at. this time being correlated with 
the rise in bacterial numbers. 

In a second pot experiment soil was treated with 0.10 per cent of ammonium 
sulfate and 1 per cent of calcium carbonate and kept in a pot for approximately 
18 months. It was kept at optimum moisture concentration for three months 
and then allowed to become quite dry (about 20 per cent of saturation). 

Table 3 gives the numbers of microorganisms present as shown by plating 
this soil at the beginning and end of the 18-month period. 

After 18 months of incubation, whitish spots were noticed on the rather 
dry lumps of soil. If a little of this whitish material was scraped from a 
lump of soil, moistened with a drop of water, and examined microscopically, 
either unstained or stained by the addition of a drop of methylene blue, it 
was found that there was an abundance of actinomyces growth. Some of the 
whitish material was scraped off, fixed to the slide with a dilute agar solution, 
and then stained with erythrosin. Large masses of actinomyces were seen. 
The masses became stained in such a way as to look very similar to large 
groups of spherical or short rod-shaped bacteria. In fact, if one had not seen 
the unstained preparations, he might readily have considered these masses 
of actinomyces as bacteria, and counted them as such. 

As shown by table 3, the plate method using albumen agar gave only 300,000 
actinomyces per gram in this soil, although microscopic examination showed 
them to be very numerous. Two suggestive conclusions may be drawn from 
the examination of this sample of soil: (a) When stained preparations of soils 
are examined, the masses of so-called short rod-shaped or spherical bacteria 
may be in reality masses of actinomyces; and (6) large numbers of actinomyces 
sometimes fail to grow on the albumen agar used for making plate counts. 

According to the results of the microscopic examination, although it was 
not found possible to determine even approximate numbers, the number of 
actinomyces must have increased greatly in this soil under its treatment. 
The soil sample at the end of the period had a pH of 7.53, determined by the 
quinhydrone method. The slightly alkaline reaction together with the dry 
condition of the soil with its accompanying improved aeration, was thus shown 
to favor the abundant development of actinomyces. 

* 

II. Ammonia and nitrates 

Samples were taken at intervals from the series of pots in which the fluctua¬ 
tion of the numbers of microorganisms was studied, and determinations were 
made of the ammoniacal and of the nitrate nitrogen present. The amount 
of ammonia was determined by leaching the soil with half-normal potassium 
chloride solution, adding magnesium oxide and distilling the ammonia into 
standard add. Nitrates were determined by the usual phenoldisulphonic add 
method. 
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The fluctuations in the amounts of ammoniacal and nitrate nitrogen from 
time to time are given in table 4. It is interesting to note that no nitrification 
occurred in the soil of any of the pots except those to which lime had been 


TABLE 3 

Microorganisms in soil receiving ammonium sulphate and lime 
Figures based on 1 gram of dry soil 


INCUBATION PERIOD 

BACTERIA AND 
ACTINOMYCES 

ACTINOMYCES 

FUNGI 

None. 

1,103,000 

25,900,000 

20,000 

300,000 

13,400 

40,000 

18 months. 


TABLE 4 


Milligrams of N as ammonia and as nitrate per 100 grams dry soil 


INCU¬ 

BATION 

UNTREATED 
(AVERAGE OF 
POTS 1 AND 2) 

T.TUTP.n 

(AVERAGE OP 
POTS 3 AND 4) 

NITRATE 
ADDED (POTS 

5 AND 6) 

LIMED AND 
NITRATED ADDED 

(POTS 7 AND 8) 

SUB-OPTIMUM 
MOISTURE (POTS 

9 AND 10) 

FLOODED (POTS 

11 AND 12) 


NHa 

NOa 

NHa 

NOa 

NHa 

NOa 

NHa 

NOa 

NHa 

NOa 


NO* 

days 


■ I 



■ 






■1 



0.8 


8.2 

None 

mM 

15.7 

7.2 

15.2 

0.7 

None 

0.8 

None 

118 

1.8 


3.2 

5.8 

fitf! 


10.3 

21.1 

1.1 

None 

1.5 

None 

181 

2.3 

None 

0.3 

12.1 

8.8 

14.9 

1.3 

23.7 

1.5 

None 

2.7 

None 

237 

2.9 

None 


11.2 

9.5 

12.1 


22.2 

1.6 

None 

2.9 
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4.7 

None 

0.7 

13.3 

11.2 

11.7 

0.6 

24.7 

2.2 

None 

4.3 

None 


TABLE S 

Milligrams of carbon evolved as carbon dioxide per 100 grains of dry soil in a period of 284 days 


FLASK NUMBER 

TREATMENT 

C AS CO* EVOLVED 

1 

Untreated 

164.0 

2 

Untreated 

162.3 

3 

Limed 

225.4 

4 

Limed 

234.7 

5 

Sodium nitrate added 

114.6 

6 

Sodium nitrate added 

120.8 

7 

Limed and nitrate added 

194.8 

8 

Limed and nitrate added 

201.4 

9 

Sub-optimum moisture 

111.8 

10 

Sub-optimum moisture 

121.9 

11 

Flooded 

107.8 

12 

Flooded 

110.9 


added. In pots 3 and 4, which had been limed, but had been given no addi¬ 
tion of nitrates, the soil showed an accumulation of 14 mgm, of nitrogen as 
nitrate per 100 gm. of dry soil. Since 22.7 mgm. of nitrogen were added to 
pots 7 and 8 per 100 gm. of soil, one would have thus expected to find some- 
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thing like 36.7 mgm. of nitrate nitrogen per 100 gm. of soil, unless some of 
it had been reduced or lost. On the other hand, the average amount of 
mobilized nitrogen in the soil of pots 7 and 8 at the close of the experiment 
was 25.3 mgm. per 100 gm. of soil. Undoubtedly, a considerable amount of 



Fig. 2, Eppect op Liming and Addition op Nitrates on the Evolution op Carbon 

Dioxide 

the ammonia, nitrate nitrogen, or of both must have been immobilized by being 
built up into microbial protoplasm. 

III. Carbon dioxide evolution 

From each of the 12 pots used for determination of numbers of microorgan¬ 
isms, and for the study of ammonia and nitrate formation, enough moist 
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soil to be equivalent to 100 gm. of dry soil was taken and placed in a flask. 
These flasks were connected with aeration apparatus and the evolution of 
carbon dioxide determined from week to week by the method of Waksman and 
Starkey (19). 



Fig. 3. Effect of Amount of Moisture on Evolution of Carbon Dioxide 

Table 5 gives the total carbon evolved as carbon dioxide per 100 gm. of 
soil in each of these flasks in a total period of 284 days. In those soils to 
which lime had been added, the amount of residual CO 2 in the lime was deter¬ 
mined and the amount liberated due to interaction with soil acids was de¬ 
ducted from the totals. The figures for carbon dioxide evolved represent 
only that part which is attributable to the activity of microorganisms. 
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Figure 2 shows the effect of liming and addition of nitrate on the evolution 
of carbon dioxide, and figure 3 the effect of amount of moisture in the soil 
on the amount of CO* evolved. 

Liming the bog soil caused a considerable increase in the loss of carbon 
as carbon dioxide. This increase of evolved carbon dioxide was correlated 
with a large increase in the numbers of bacteria and also of actinomyces 
present. 

The addition of sodium nitrate to furnish available nitrogen for microbial 
use was shown to have a depressing effect on the rapidity of carbon dioxide 
production. As shown by figure 2, for nearly three months the amount of 
carbon dioxide was slightly in excess of that evolved from the untreated soil, 
but after about eighty days the amount of carbon dioxide dropped con¬ 
siderably below the amount from the untreated sample. When lime was 
added in addition to the nitrate, there was also a depressing effect so far as 
evolution of carbon dioxide was concerned. 

The depressing effect on carbon dioxide evolution is probably due to a slight 
toxicity resulting from the amount of nitrate used. 

IV. Soil organic mailer studies 

Following the methods worked out by Waksman (20), studies were made 
of the soil organic matter of the soil of the upland grass-sedge bog. The soil 
samples were extracted with hot alkali, both after and before treatment with 
hydrochloric acid. Extractions were made as follows: SO gm. of dry soil 
were treated with 100 cc. of 1 per cent HC1 solution and the add allowed to 
act over night. The supernatant liquid was then decanted on a filter, and 
the soil washed with an additional 100 cc. of the HC1 solution and then with 
about 20 cc. of water, and transferred to the filter. The soil was removed 
from the filter and dried in the oven. To each of the samples of dry soil, 
either with or without the previous add treatment, were added 100 cc. of 2 
per cent NaOH solution, and extraction carried out in the autoclave at 15 
pounds pressure' for 30 minutes. The supernatant liquid was decanted on a 
filter, and the residue, after washing with water, was then added to the filter. 
A second extraction was made by using 100 cc. of 4 per cent NaOH in the 
autoclave for 30 minutes. The extract was then decanted on the same filter 
and the soil washed with 50 cc. of water and transferred to the filter. The 
filter was washed with hot 1 per cent NaOH, and then with hot water. 
The filtrate was treated with an excess of 1-1 HC1 and boiled for 20 minutes 
after which the precipitate, the so-called a-fraction, was filtered on a weighed 
paper, dried, and weighed. The filtrate after the removal of the a-fraction 
was treated with sufficient NaOH solution to bring the reaction to approxi¬ 
mately the neutral point, and the precipitate, the /3-fraction, filtered off, 
dried and weighed. 

The total nitrogen in the a- and /3-fractions was determined by the Kjeldahl 
method, and the total carbon by the method of Waksman and Starkey (18). 



294 


IVAN V. SHUNK 


Table 6 gives the amount of the various fractions and their nitrogen and 
carbon content. 

The preliminary treatment with 1 per cent HC1 solution for a period of 
nearly twenty-four hours had little effect on the amount of a-fraction ex¬ 
tracted by the alkali. This was in accord with the findings of Waksman (20) 
who reports even a slightly diminished yield of a-fraction following treatment 
with hydrochloric acid. The acid treatment did, however, increase the amount 
of the /3-fraction that was extracted by the alkali. 

Of the total organic matter in the soil the a-fraction yielded almost 20 per 
cent. The percentage of nitrogen in the a-fraction was found to be close to 
3 per cent. This percentage of nitrogen in the ^-fraction agrees closely with 
that found by others, Waksman (20) and Joseph and Whitfeild (11). 

The carbon content of the a-fraction was found to be almost exactly 60 
per cent. In comparison with this percentage of carbon, Joseph and Whit- 


TABLE 6 

Soil organic matter extracted by alkali solution from 50 grams of dry bog soil under 15 pounds 
pressure , both with and without previous treatment with hydrochloric acid 


SAMPLE 

HCl 

TREATMENT 

a FRACTION 

(J FRACTION 

Yield 

Nitrogen 

Carbon 

Yield 

Nitrogen 

Carbon 



grains 

per cent 

per cent 

grams 

percent 

per cent 

1 

Plus 

0.790 

3.1 

.... 

0.964 


.... 

2 

Plus 

0.820 

3.0 

.... 

0.829 


.... 

3 

Plus 

0.773 

... 

61.0 

1.166 

... 

1.95 

4 

Plus 

0.809 

.... 

59.4 

0.827 

... 

2.0 

5 

Minus 

0.769 

2.9 

.... 

0.725 

mSM 

• • • « 

6 

Minus 

0.720 

3.0 

.... 

0.528 


• « • • 

7 

Minus 

0.743 

... 

59.0 

0.805 

... 

3.55 

8 

Minus 

0.764 

... 

60.7 

0.559 

... 

2.25 


feild (11) found approximately 57 per cent carbon in the “humus” extracted 
from three different soils in Africa. 

The ash content of the a-fraction was found to be low, 1.4 to 2.2 per cent, 
and mght have been lowered by repeated washing of the fraction with HC1. 
A low ash content was to be expected from the work of Waksman (20) and 
of Joseph and Whitfeild (11). These authors obtained an ash content of less 
than 1 per cent. 

In ordinary fertile soils, the carbon-nitrogen ratio usually varies between 
8:1 and 12:1 as determined by various analyses made by a number of inves¬ 
tigators. This ratio is usually given as approximately 10:1. 

The total carbon in the soil of the “savannah” bog was found to be 3.26 
per cent, and the nitrogen 0.24 per cent, thus giving a carbon-nitrogen ratio 
of 13.6 : 1. This wide ratio is largely the result of the more or less continued 
anaerobic conditions in the soil of the bog. Under these conditions a large 
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part of the carbon-complexes are broken down to intermediate products in¬ 
stead of carbon dioxide, and the carbon is thus left in the soil. The lignins 
especially tend to accumulate, as they are attacked only very slowly by 
anaerobic microorganisms. Since the organic matter in the soil has this wide 
ratio of carbon to nitrogen, when more organic matter in the form of roots 
and leaves is added, the decomposition is slow because of the lack of nitrogen 
available for the use of the microorganisms. On account of the wide carbon- 
nitrogen ratio in the plant debris added to this soil, and the slow decomposi¬ 
tion of this organic matter, the tendency is to widen rather than narrow the 
carbon-nitrogen ratio of this soil. 

V. Decomposition of cellulose added to the bog soil 

Two methods of approach were used in studying the decomposition of 
cellulose added to the soil in the form of filter paper: (a) by determining the 


TABLE 7 


Carbon as CO 2 evolved; microorganisms present , and mobilized N at close of experiment 


TREATMENT 

MGM. OF C 

AS COs 

EVOLVED 
PER 100 
GRAMS DRY 

son. 

BACTERIA 
PER GRAM DRY 
SOIL 

FUNGI 

PER GRAM DRY 
SOIL 

MGM. N AS 
NITRATE 
PER 100 
GM. DRY 
SOIL 

MGM. NAS 
AMMONIA 
PER 10® 
GM. DRY 
SOIL 

Filter paper only. j 

27.1 

28.9 

1,047,000 

749,000 

61,000 

76,000 

None 

None 

0.4 

0.4 

Filter paper and 21.7 mgm- N f 

55.3 

579,000 

1,500,000 

17.2 

1.7 

as N0 3 added. \ 

66.3 

315,000 

1,828,000 

18.7 

1.9 


rate of carbon dioxide production, and (6) by determining the residual cellu¬ 
lose after a period of incubation. 

1, Carbon dioxide production by soil containing filter paper . Samples of 
moist soil weighing 100 gm., with a moisture content of approximatey 50 
per cent of saturation, were placed in each of four flasks. 

Nos. 1 and 2. One gram of filter paper added. 

Nos. 3 and 4. One gram of filter paper and 100 mgm. of sodium nitrate added. 

The flasks were filled and allowed to stand in the laboratory. At intervals 
during a period of 33 days determinations were made of the CO 2 evolved. 
At the close of the experiment determinations were made of the numbers of 
microorganisms present, and of the mobilized nitrogen. The results of these 
determinations are given in table 7. 

The addition of nitrogen in the form of nitrate caused a speeding up of 
the decomposition of the cellulose as evidenced by the increase in evolution 
of carbon dioxide. This increase in rate of CO 2 production may be due to 
the increase in the fungous activity as indicated by the increase in the numbers 
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of fungi found, but may be due also to the activity of cellulose decomposing 
bacteria, which would not grow on the media used for making the microbial 
counts. 

This experiment indicates that the rate of decomposition of cellulose in this 
soil is dependent on available nitrogen rather than on the types of organisms 
present. 

2. Residual cellulose after incubation . Four pots were filled with 1,200 gm. 
of moist soil on September 18, 1926. The soil was from the same composite 
sample from which the pots in the pot experiment were filled. To each of 
the pots enough filter paper was added to be equivalent to 1.29 gm. of pure 
cellulose per 100 gm. of dry soil. 

Pots 13 and 14. Soil contained a slight excess of water for 15 days; afterwards, optimum 
moisture. 

Pots 15 and 16. Soil kept flooded throughout the course of the experiment. 


TABLE 8 

Residual cellulose in 100 grams of dry soil 


POT 

TREATMENT 

GRAMS 

OF CELLULOSE 
AFTER 204 
DAYS 

GRAMS 

OF CELLULOSE 
AFTER 310 
DAYS 

1 

No cellulose added. Optimum moisture 

0.0144 


2 

No cellulose added. Optimum moisture 

0.0192 


13 

1.29 grams of cellulose added. Optimum 
moisture 


0.7610 

14 . 

1.29 grams of cellulose added. Optimum 
moisture 

0.8248 

0.7807 

15 

1.29 grams of cellulose added. Soil flooded 

JSI v Ki£iL^H 

0.8651 

16 

1.29 grams of cellulose added. Soil flooded 

I 

0.6960 


About seven months, 204 days, after the filter paper was added, enough 
moist soil was taken from each of the pots to be equivalent to 50 gm. of dry 
soiL Samples were taken also from pots 1 and 2 of the pot experiment for 
determining numbers of organisms etc., to be used as controls. Pots 1 and 2, 
containing the same soil as the pots with added cellulose, were kept at op¬ 
timum moisture concentration and treated similarly to pots 13 and 14. The 
only essential difference was that pots 1 and 2 had received no filter paper. 

The amount of cellulose present in these samples of soil was determined by 
the method given by Waksman and Heukelekian (17). 

Three hundred and ten days after the experiment was begun, another set 
of determinations of residual cellulose were made on the soil from pots 13, 
14,15, and 16. Table 8 gives the amount of cellulose found in the different 
samples after 204 days and after 310 days. Slightly more of the cellulose 
was decomposed under aerobic than under anaerobic conditions. 

Determinations of the ammoniacal and nitrate nitrogen present in the soils 
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in the pots showed very small amounts of ammoniacal nitrogen and no nitrates 
at all. 

It is quite evident from the small amount of mobilized nitrogen in these 
samples, that it is the lack of available nitrogen, rather than the lack of 
cellulose decomposing organisms that accounts for the slow decomposition of 
cellulose in this soil. This conclusion is supported by the experiment on the 
rate of carbon dioxide production by soil with added cellulose both with and 
without the addition of sodium nitrate. In that experiment it was found 
that when nitrate was added, although the soil was not inoculated with any 
organisms, there was a marked increase in the rate of carbon dioxide pro¬ 
duction which indicated a speeding up of cellulose decomposition. 

VI. Nitrogen fixation 

There are no legume plants growing on the “savannah” bog; hence, any 
fixation of atmospheric nitrogen must be due to non-symbiotic microorganisms. 
The fact that the upper layers of the soil contain as much as 0.24 per cent of 
nitrogen, and none is ever added by man, indicates that atmospheric nitro¬ 
gen must furnish a large part of this. Since there are two groups of bacteria, 
aside from nodule bacteria, that normally fix nitrogen, the aerobic Azoto- 
bacter type, and the anaerobic Amylobacter type, search has been made for 
both types of organisms. 

1 . Aerobic nitrogen fixing bacteria . Silica gel plates were prepared in 
accordance with the method used by Waksman and Carey (21). After the 
gels had been thoroughly washed in running water and in boiled distilled 
water, they were dried very slightly in the oven at 60°C. As soon as the 
surface of the gel was nearly dry, each plate was impregnated with 1 cc. of 
the following nutrient solution: 


Dibasic potassium phosphate. 1 gm. 

Magnesium sulfate. 0.2 

Sodium chloride. 0.2 

Calcium chloride. 0.1 

Ferric chloride (S per cent). 1 drop 

Mannite. 15 gm. 

Distilled water. 100 


After the addition of the 1 cc. of the above nutrient solution to each of a 
number of plates of the gel, the plates were returned to the oven and kept 
there until the surface had become fairly dry. A little calcium carbonate 
was powdered over the surface, and the plates were then ready for inoculation. 
The silica gels were inoculated with small bits of the upland bog soil and 
some of the plates with a pure culture of Asotobacter. The plates were then 
incubated in a moist chamber for almost four weeks. 

Azotobacter colonies developed readily on the plates inoculated with the 
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pure culture, but failed to develop on any of the plates inoculated with the 
bog soil, thus indicating the absence of Azotobacter. 

Several months later another batch of silica gel plates were inoculated with 
a fresh sample of the bog soil and gave the same negative results, even after 
52 days of incubation. The reaction of the bog soil has been found to be 
close to pH 5.2, as determined by several tests with the quinhydrone electrode. 
According to the findings of others, Gainey (8, 9, 10) and Christensen (3, 4) 
Azotobacter would not be expected to be present in this soil on account of 
its reaction. 

2. Anaerobic nitrogen fixing bacteria . Two series of experiments were carried 
out in regard to anaerobic nitrogen fixation, the first, to show the presence, 
or absence of organisms that could fix nitrogen under anaerobic conditions, 
and the second to try to find B. amylobacter and isolate it. 

Series 1 . A medium was prepared according to the following formula: 


4 

Distilled water. 1000 cc. 

Dextfcose. 20 gm. 

Dibasic potassium phosphate. 1 

Magnesium sulphate. 3 

Sodium chloride. 0.01 

Manganous sulfate. 0.01 

Ferric chloride solution (10 per cent). 3-4 drops 

Calcium carbonate. 10 gm. 


To each of 6 tumblers 100 cc. of the above medium was added, and steril¬ 
ized in the autoclave. Each of the solutions in the tumblers was inoculated 
with a 5 cc. aliquot of a 5-minute soil suspension (100 gm. of soil added to 
200 cc. of sterile distilled water, shaken for five minutes, and allowed to settle 
slightly). Four of the tumblers were placed in a large dessicator jar, and 
the oxygen absorbed by the addition of pyrogallic acid and sodium hydroxide. 
Determinations of total nitrogen were made on the solutions and inoculum 
of two of the tumblers, and gave a nitrogen content of 0.3 mgm. per tumbler. 
After 28 days of incubation under anaerobic conditions, the solutions in the 
other four tumblers were analyzed for nitrogen content and gave the follow¬ 
ing results: 3.85, 4.58, 4.35, and 3.45 mgm., respectively. 

Since the inoculated solution at the beginning of the experiment contained 
0.3 mgm. of nitrogen, there was a fixation of an average of 3.75 mgm. of 
nitrogen per 100 cc. of the solution containing 2 gm. of dextrose sugar. 

Another experiment, conducted in the same way as the above, showed a 
fixation of approximately 4.2 mgm. of nitrogen per 100 cc. 4 of solution. These 
two experiments prove quite conclusively that organisms which can fix 
atmospheric nitrogen under anaerobic conditions, are present. 

Senes 2 . The method used to attempt the isolation of B . amylobacter was 
essentially that of Burri (2). A number of tubes were filled about one-half 
full of a medium having the following composition. 
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Dibasic potassium phosphate. 3 gm. 

Magnesium sulfate. 0.2 

Sodium chloride. 0.01 

Ferrous sulfate. 0.01 

Manganous sulfate. 0.01 

Dextrose. 10 

Calcium chloride. 0.01 

Agar-agar, Bacto. Ij 5 

Distilled water. 1000 


After this medium was melted and allowed to cool partially, dilutions of 
the bog soil were mixed with it by shaking, and the agar allowed to set. A 
plug of poisoned agar of the following composition was then added. 


Distilled water. 100 cc. 

Mercuric chloride. 0.02 gm. 

Agar-agar, Bacto. 1.0 gm. 


After incubation several of the shake-agar tubes showed colonies, which 
gave rise to gas formation. By running a hot wire down along the side of 
the agar in one of these tubes, and then by shaking, the cylinder of agar 
was removed almost intact, and placed in a sterile dish. By the use of a 
flamed knife, a colony which had just begun to show gas formation was cut 
out of the cylinder of agar and transferred to a tube of nitrogen-free nutrient 
solution. By connecting this tube to another tube filled with raw potato, 
anaerobic conditions were soon established in both tubes. After a few days 
of incubation, a microscopic examination made by the nigrosin method, re¬ 
vealed a number of typical B. amylobacter organisms. The culture was, 
however, not pure. 

Silica gel plates were prepared in the same way as for the Azotobacter tests 
except that dextrose sugar was used instead of mannite. In two of the 
plates inoculated with bits of the “savannah” soil, B. amylobacter was found 
to develop colonies next to the bottom of the plate. 

GENERAL DISCUSSION 

In the study of the upland grass-sedge bog, one of the points of interest 
has been to discover, if possible, how the upland bog conditions are essen¬ 
tially different from those of a lowland bog. In an upland bog such as the 
one studied, although each rain may fill the soil more or less completely 
with water, yet standing water does not remain on the soil continuously. We 
have a period of several days during which the soil is practically, or entirely 
saturated, followed by a few days in which the upper layers of the soil become 
partially dry and there is more or less aeration. On the other hand in a low¬ 
land bog the soil would be saturated more continuously, at least for longer 
periods at one time. 
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The accumulation of so much organic matter in the soil, as compared with 
the amount of organic matter in cultivated soils in the vicinity of the bog is 
due to the interaction of several factors. In the first place it is dependent on 
the type of vegetation which is composed of grasses, sedges and various 
other herbaceous plants. These plants continue to dominate the area, be¬ 
cause fire sweeps over the bog almost every year and effectively prevents the 
trees which start to develop, from becoming established and shading out the 
grasses, sedges, etc. The masses of roots and underground stems of the 
herbaceous vegetation are found chiefly in the upper 30 to 40 cm. of the soil. 
Then, due in part to the more or less continuous anaerobic conditions, with 
their influence on microbial activities, the dead roots and other underground 
parts are only partially decomposed, thus allowing an accumulation of so- 
called humus, or soil organic matter. The accumulation of this organic 
matter then increases the water holding capacity of the soil, and tends to keep 
the soil too wet for good aeration, which would permit the rapid activity of 
aerobic microorganisms, thus aiding in the further accumulation of the humus. 

The entire absence of leguminous plants from the grass-sedge bog is probably 
correlated with the inability of the legumes to withstand saturated soil con¬ 
ditions for several days at a time. The absence of all legumes should not be 
attributed to the effects of acidity, as there are certain species of this group 
of plants that can and do grow in more acid soils, and legume nodule bacteria 
which can do well at higher concentrations of hydrogen-ions [Fred and Daven¬ 
port (7)]. In the absence of leguminous plants, the source of the nitrogen 
in the soil must be largely the fixation of atmospheric nitrogen by non- 
symbiotic nitrogen fixing microorganisms. No nitrogenous fertilizer is ever 
added to this soil, as it is never cultivated, and yet the nitrogen content of 
the upper layers of the soil is rather high (0.24 per cent of the dry weight of 
the soil). The burning over of the bog causes a loss of most of the nitrogen 
that is in the aerial parts of the plants. This loss constitutes the principal 
loss of nitrogen, since there are no nitrates present to be lost by denitrifica¬ 
tion, or by drainage. 

From the experimental work it has been found that Azotobacter species are 
not present. This absence of Azotobacter is no doubt due to the acidity of 
this soil and the anaerobic conditions. Just as found by Gainey (8, 9, 10), 
Christensen (3, 4), and others Azotobacter will not remain in a soil with a pH 
more acid than 6.0, whereas the pH of this soil is approximately 5.2. On 
the other hand, anaerobic nitrogen fixing bacteria can develop and fix nitro¬ 
gen under more acid soil conditions, as found by Dorner (6). The anaerobic 
nitrogen fixing organism, B . amylobacter , has been found in several different 
samples of the soil by the use of silica gel plates and by other methods. The 
activities of this organism furnish undoubtedly the most important source 
of nitrogen in this bog soil. 

Nitrate nitrogen has not been found in this soil in nature, although a 
number of samples have been tested. These samples were taken from different 
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places in the bog and at different times of the year over a period of about 
two years. One might suspect that the absence of nitrates and of nitrifying 
bacteria might be due to the acidity of the soil. However, the work of Willis 
(24) on muck soils of North Carolina, as well as of other workers elsewhere, 
Stephenson (12), Abbott, Conner and Smalley (1), White (23), and Temple 
(14), shows that nitrification does occur in acid soils. While the acidity of 
the soil is probably one of the factors hindering nitrification, it is not the 
only factor. When lime is added to the soil in pots in sufficient amounts to 
neutralize the acidity, and the soil is kept at optimum moisture concentra¬ 
tion, nitrification will become evident after an interval of 6 to 10 weeks. It 
is advantageous to inoculate the soil thus drained and limed with a suspension 
of fertile soil, because it has been shown experimentally that nitrifying bac¬ 
teria may be entirely absent from this soil. 

The carbon-nitrogen ratio of the soil is quite wide, almost 14:1 as com¬ 
pared with the 10:1 to 12:1 ratio of fertile soils. This wide carbon- 
nitrogen ratio is undoubtedly one of the principal factors in the checking of 
nitrification. Just as found by Clark and Adams (5), a wide carbon-nitrogen 
ratio tends to check nitrification. Under these conditions the microorganisms 
use up most of the available nitrogen and store it in their microbial proto¬ 
plasm; therefore, little is liberated as ammonia, and without ammonia we can¬ 
not have nitrification. When lime is added, and the soil is kept at optimum 
moisture concentrations, conditions are made favorable for the activity of 
aerobic bacteria and of actinomyces, and since the bacteria can get along with 
less nitrogen pet unit of carbon consumed as energy than the fungi [Waksman 
and Heukelekian (17)], more nitrogen will be liberated as ammonia. When 
the soil reaction is neutral and there is ammonia present, nitrification will 
take place. 

When cellulose in the form of filter paper was added to the soil, its decom¬ 
position was very slow, both under aerobic and anaerobic conditions. By 
using the rate of evolution of carbon dioxide as an index of the rate of de¬ 
composition of the cellulose, this slow decomposition was found to be due to 
the lack of available nitrogen, since when nitrate nitrogen was added there 
was a considerable increase in the rate of carbon dioxide production, accom¬ 
panied by a large increase in the number of fungi present. 

The cellulose added to the soil in nature by the plant residues, mostly roots 
and other underground parts, since the tops are usually burned every year, 
is largely decomposed. Cellulose determinations made on the soil from the 
bog showed a low percentage of cellulose. 

If the soil is limed and allowed to become quite dry, actinomyces become 
active. Since these organisms are probably the principal microorganisms 
that can attack the oj-fraction of the soil organic matter, and they are hindered 
by lack of aeration and also by acidity, little decomposition of the a-fraction 
can occur in the bog soil under the conditions found in nature. This leads 
to an accumulation of the lignins and nitrogen complexes comprising the 
a-fraction. 
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The results of the experimental work indicate that if this upland bog could 
be properly drained and then limed, that the organic matter would be gradu¬ 
ally decomposed with the liberation of nitrogen as ammonia. This a mm onia 
would then be nitrified. However, since a considerable part of the nitrogen 
is tied up in the a-fraction of the soil organic matter, that paft of the nitro¬ 
gen would become available very slowly, and it would probably take several 
years of cultivation before a satisfactory yield of any ordinary crop plant 
could be obtained. 

SUMMARY 

A study has been made of the microbiological activities of the soil of an 
upland grass-sedge bog, and the modifications of these activities produced 
by the addition of lime and of nitrogen salts. The effects of drainage and 
flooding have been studied also. 

Nitrification does not occur in this soil under natural conditions. It may 
be made to occur by liming and drainage as determined by pot experiments, 
but only after an interval of 6 to 10 weeks. 

No leguminous plants are found growing on the bog and yet the soil con¬ 
tains 0.24 per cent of total nitrogen. The source of this nitrogen may be to 
some extent atmospheric nitrogen fixed by non-symbiotic organisms. 

Azoiobacter species are not present on account of the soil acidity and 
anaerobic conditions, the pH of the soil being about 5.2. 

Bacillus amylobacter has been found in several samples of the soil. 

The addition of enough lime to the soil to neutralize the acidity results in 
a great increase in the numbers of bacteria, but does not appreciably 
change the numbers of fungi. 

Liming the soil markedly increases the rate of carbon dioxide production 
by the soil microorganisms. 

When the soil is saturated with water, or contains too little water, the 
rate of carbon dioxide production is reduced in comparison with soil at 
optimum moisture concentration. 

The soil has a wide carbon-nitrogen ratio, 13.6 : 1, which tends to retard 
the decomposition of the soil organic matter. 

When the soil is neutralized with lime and allowed to become quite dry, 
actinomyces become very numerous. These give the soil a whitish ap¬ 
pearance. 

Cellulose added to the soil in the form of filter paper is very slowly decom¬ 
posed on account of the lack of available nitrogen. 
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INTRODUCTION 

The subject of base exchange in soils has received considerable attention 
during the past five years. The nature of the exchangeable bases has been 
shown to have a very important bearing upon the physical properties of the 
soil. The effects of various factors which may influence the quantity and 
nature of the exchangeable bases have been investigated to a much less extent. 
Among these factors the influence of moisture content of the soil and of crop¬ 
ping upon the exchangeable bases has received little attention. 

For several months the writer has been engaged in studies of soils utilized 
for the production of rice. The unusual moisture conditions under which rice 
is produced made it seem‘ desirable to determine the effect of such conditions 
upon the exchangeable calcium andmagnesium of the soil. The work reported 
in this paper was undertaken for the purpose of making more evident the 
effect of moisture content and cropping upon these exchangeable bases, 

REVIEW OE LITERATURE 

The literature of the subject has been rather extensively reviewed in a 
number of recent publications and an exhaustive review is, therefore, unneces¬ 
sary here. All writers are not agreed upon the nature of the base exchange 
complex and the manner in which the exchangeable bases are held in the soil. 
One group believes that these bases are held in chemical combination, perhaps 
largely as complex alumino silicates, and that their replacement is accomplished 
by true chemical forces, subject to well defined chemical laws. In this group 
the works of Kelley and Brown (9), Burgess and McGeorge (2), and Kerr 
(10, 11) set forth some of the evidence supporting this view. Another group 
proposes that the exchangeable bases are adsorbed on the colloid particles of 
the soil. Hissink (6) advanced the supposition that the exchangeable cations 

1 Contribution from the Agronomy Department. Published with the approval of the 
Director of the Station. Research Paper No. 119, Journal Series, University of Arkansas. 

2 The thanks of the writer are hereby tendered to Mr. G. H. Banks, Assistant Director, 
In Charge of the Rice Branch Experiment Station at Stuttgart, Ark., who took the samples 
of Crowley silt loam and furnished the cropping history of this soil, and to Prof. C. K. 
McClelland for suggestions concerning the statistical treatment of the data. 
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are adsorbed as an external layer around the colloid particle, the inner layer 
being composed of the corresponding anions. This arrangement, in many 
respects, is similar to the Helmholtz double-layer, so familiar to students of 
colloid chemistry. Some recent publications by workers who apparently 
favor this view are those of Breazeale and Magistad (1) and Oden (16). 

Some of the factors affecting the content of exchangeable bases of soils have 
been studied. Catherwood and DeTurk (3) have presented data showing the 
relation of maturity of soil type to exchangeable calcium and magnesium of 
various soil horizons. Humfeld (8) has shown the effect of fertilizer treat¬ 
ments upon the electrodialysable bases of the soil. Merkle (14) studied the 
effect of long-continued fertilizer treatments upon the exchangeable cations of 
the soil and found, in general, that fertilizers bearing the cations, Ca, Na, 
and K made significant increases in the amounts of these bases in exchangeable 
form. Amm onium sulfate treatment caused an increase in exchangeable 
hydrogen. 

Martin (12) studied the effect of cropping (under conditions precluding 
leaching) upon the exchangeable bases of 13 California soils. He found con¬ 
tinuous cropping for a period of twelve years, or cropping for two years with 
an intervening fallow period of 10 years, had no appreciable effect upon total 
exchangeable bases. Calcium and magnesium, comprising 90 per cent of the 
total exchangeable bases, were not changed in quantity. While it did not 
appreciably change the figures for total bases, the exchangeable potassium 
was decidedly reduced by two to twelve years of cropping with barley. 

Oggand Dow (17) found decidedly more exchangeable calcium in cultivated 
soils, as a group, than in “woodland,” “hill or heath” soils, or soils “long 
unploughed.” 


DESCRIPTION OF SOILS 

The rice soil investigated is classified as Crowley silt loam. It is the typical 
prairie soil of the rice section of Arkansas and is characterized by its very flat 
topography. The surface soil is a gray silt loam, of which silt comprises 
nearly 75 per cent and silt and clay together constitute 90 per cent. Under¬ 
lying this at a depth of 20 to 24 inches is a very tight, highly plastic layer 
almost impervious to water, a very important feature of a soil well adapted to 
rice culture. Two horizons of this soil were studied, the first comprising the 
surface 7 inches and the second the 7 to 14 inches sub-surface layer. The 
reaction of the surface layer samples varied from pH 7.0 to 7.3, while the sub¬ 
surface layer samples showed reactions varying from pH 6.5 to 6.9. 

The soil used for the study of effect of moisture content and that used in the 
study of effect of cropping is classified as Clarksville silt loam. It contains 
four-fifths as much silt and clay as the Crowley silt loam, possesses a more open 
structure, and has no impervious layer in the subsoil. It is derived largely 
from non-magnesian limestone, and has been subjected to fairly heavy cropping 
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and rather extensive leaching for a long period of time. The reaction of the 
samples from this soil varied from pH 5.3 to 5.7. 

METHODS 

The method described by Hissink (7) was adopted with very slight modifica¬ 
tion for this work. Enough air-dry soil to constitute a 25-gram sample of 
water-free soil, finely pulverized, was treated in an Erlenmeyer flask with 
100 cc. of N salt solution heated to 70®C. This was shaken occasionally and 
allowed to stand over night. The whole was then brought quantitatively 
onto the filter and leached with successive portions of salt solution at room 
temperature until one liter of leachate was secured. 

Preliminary determinations showed that the amount of CaCOs in the soil 
samples was insufficient to introduce an appreciable error, a second liter of 
leachate in all cases containing only very small amounts of calcium. Am¬ 
monium chloride was used with the Crowley silt loam and sodium chloride of 
very high purity was used for all the Clarksville silt loam samples. Com¬ 
parison of the two salts gave very good agreement in the results secured, the 
greater solvent action of the ammonium salt apparently largely offsetting the 
very small amount of calcium and magnesium in the sodium salt. Hence, no 
correction was made for the small amount of calcium and magnesium carried 
by the sodium salt. 

Calcium was determined by the standard volumetric method and magnesium 
by a volumetric method described by Handy (5). This method for magnesium, 
though perhaps not quite so exact as the standard gravimetric method, gave 
satisfactory results and, requiring less time, enabled the writer to make a 
larger number of determinations than would have been possible otherwise. 

EXCHANGEABLE CALCIUM AND MAGNESIUM IN AN OLD RICE SOIL 
(CROWLEY SILT LOAM) 

The soil used in this study was taken from a number of plots of the Rice 
Branch Experiment Station at Stuttgart, Arkansas. Plots were selected 
which have never received fertilizer treatment, or at least have received none 
within the past 16 years. The samples were taken from soil which has been 
cropped to rice in all cases at least 15 of the past 18 years. The irrigation 
water used on all these plots comes from the same source, being from deep 
wells and containing considerable calcium and magnesium. The reaction of 
the irrigation water tested on two occasions during the last growing season was 
pH 7.3. 

The results of the determinations on this soil are shown in table 1. 

The results of table 1 are shown graphically in figure 1. The data differ 
from those for many soils in that the quantity of exchangeable calcium and 
magnesium is greater in the surface soil than in the underlying layer. The 
reason for this condition in the rice soil is undoubtedly the deposition of salts 
. by the irrigation water in the upper stratum of the soil profile. 



TABLE 1 

Exchangeable calcium and magnesium in surface and subsurface horizons of a rice soil 
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The soil of the area from which these samples were taken appears to be 
extraordinarily uniform. The figures, on the contrary, indicate that there is 
probably considerable difference in the amount of leaching taking place, as 
the coefficient of variability for the subsurface samples in case of both bases, is 
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Fig. 1. Exchangeable Calcium and Magnesium in Twelve Samples prom Each op Two 
Horizons op an Old Rice Soil 


rather high. The impervious nature of the subsoil in general, however, is 
indicated by the relatively low content of exchangeable calcium and mag¬ 
nesium in most of the samples from the sub-surface horizon. The ratio of 
calcium to magnesium is rather remarkably constant throughout. 
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EFFECT OF MOISTURE CONTENT OF TEE SOIL UPON THE EXCHANGEABLE 
CALCIUM AND MAGNESIUM 

The ordinary procedure in rice production is to grow the crop in standing 
water for a period of about 75 days, beginning within 10 to 20 days from the 
time the plants emerge .from the soil. Therefore, it seemed desirable to deter¬ 
mine what effect submergence might have upon the exchangeable calcium 
and magnesium of the soil. This problem could not be studied through the 
use of field samples because such samples are modified by the salts carried in 
the irrigation water. Accordingly, a thoroughly mixed, screened and finely 
pulverized quantity of Clarksville silt loam was divided into 30 samples of 
200 gm. each for laboratory experimentation. These samples were placed 
in wide-mouthed bottles and distilled water added to ten of them until it 
stood £ inch above the surface of the soil. A second group of 10 samples 
received sufficient distilled water to bring the moisture content to 20 per cent, 
which is approximately optimum for the soil. The third group of 10 samples 
was left air-dry. The bottles were then weighed and stored where they were 
not exposed to the air of the laboratory. Sufficient distilled water to bring the 
samples up to weight was added once each week. After 75 days no more water 
was added and the soil was allowed to become air-dry. It was then finely 
pulverized and subjected to analysis. The results are listed in table 2. 

When the results of these determinations are compared one group with 
another, some very interesting facts are revealed. Considering calcium first, 
the means of the columns for the air-dry and 20 per cent moisture samples 
show a difference of only 0.0002 ±0.00045 per cent, entirely insignificant. 
When the mean of the air-dry samples or of the 20 per cent moisture samples 
(the two being practically the same) is compared with the mean of the flooded 
samples, a difference of 0.0104 ±0.00047 per cent is obtained. This differ¬ 
ence is 22.1 times the probable error and, hence, gives very high odds that it is 
significant. Thus, flooding the soil for a period of 75 days depressed the 
exchangeable calcium. 

Now turning to magnesium and comparing the mean of the air-dry samples 
with that of the 20 per cent moisture samples, a difference of 0.0012 ± 0.00021 
per cent is obtained. This difference is 5.7 times the probable error and es¬ 
tablished a reasonably high degree of probability that 20 per cent moisture 
content caused a significant increase in exchangeable magnesium. Com¬ 
paring air-dry samples with flooded ones a difference of 0.0102 ± 0.000435 
per cent is obtained, 23.4 times the probable error. The 20 per cent moisture 
samples compared with the flooded ones show a difference of 0.0090 ± 0.000435 
per cent in favor of the flooded ones. This is 20.6 times the probable error. 
Thus, it is apparent that flooding had opposite effects upon the exchangeable 
calcium and magnesium, depressing the quantity of the former and increasing 
the latter. The ratio between the two, therefore, is very decidedly narrowed. 
These results are shown graphically in figure 2. 
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In order to further verify the results set forth in the preceding paragraphs, 
a group of soil samples was taken from jars in the greenhouse in which various 
rice experiments had just been completed. Clarksville silt loam had been 
used in these experiments. Four pairs of jars were sampled, each consisting 
of one jar in which the soil had been flooded and one in which similar soil was 
kept at optimum moisture content. Comparisons between jars of one pair 
and those of another were not possible, as the soil of the various pairs of jars 
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Fig. 2. Effect of Moisture Content upon Exchangeable Calcium and Magnesium 

(Average of ten samples) 

was not from the same source. The result of the anlayses for exchangeable 
calcium and magnesium in these samples are given in table 3. 

The results with the greenhouse soil samples show the same general effects 
of flooding, calcium being depressed and magnesium increased. There is one 
exception in the figures for magnesium, the sample of soil kept at optimum 
moisture content in one case showing more exchangeable magnesium than the 
flooded soil. The writer can offer no explanation for this exception. 
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the effect of one season of cropping with corn upon exchangeable 

CALCIUM AND MAGNESIUM 

It would have been desirable in this work to have studied the effect of crop¬ 
ping with rice upon these bases, but material for such a study was not available. 
Rice does not require large amounts of calcium and since com also does not 
draw heavily upon the calcium and magnesium of the soil, the effect of cropping 
with com was studied. Cropped and fallowed plots with no fertilizer treat¬ 
ment were available for sampling. Nine pairs of such plots were sampled 
thoroughly and the composite sample from each plot mixed well and analyzed. 
The results are shown in table 4. 


TABLE 3 

Exchangeable calcium and magnesium in samples of greenhouse soil, flooded, and kept 
at optimum moisture content 


SAMPLE 

number 

TREATMENT 

EXCHANGEABLE 

CALCIUM 

EXCHANGEABLE 

MAGNESIUM 

RATIO OP 

M.E. CaTO 
M.E. Mg 

Per cent 

M.E. 

Per cent 

M.E. 

278 

No crop, flooded 


5.64 

0.0235 

1.93 

2.92 

288 

No crop, optimum moisture 

0.1216 

6.08 

0.0137 

1.12 

5.42 

279 

No crop, flooded 

0.1129 

5.64 

0.0152 

1.25 

4.51 

289 

No crop, optimum moisture 

0.1211 


0.0126 

1.03 

5.87 

234 

Cropped,* flooded 

wm 

1.82 

0.0104 

m 

2.14 

238 

Cropped,* optimum moisture 

SI 

2.75 


u 

3.39 

44 

Cropped, flooded 


1.42 

0.0104 


1.67 

46 

Cropped, optimum moisture 

0.0336 

1.68 

0.0126 

1.03 

1.53 


* Cropped twice, successively with rice. 


These results do not indicate any measurable effect of cropping with com 
for one season, as compared to fallowing, upon the exchangeable calcium and 
magnesium. The mean differences obtained are supported by insignificant 
odds. To add further evidence on this point, however, a pair of plots was 
selected which had been subject to a certain amount of what appeared to be 
very uniform sheet erosion. These were selected because it was believed they 
would be low in exchangeable calcium and magnesium and thus small differ¬ 
ences might be more readily measured. Ten samples were removed from the 
plot which was maturing a good crop of com and 10 from the fallowed plot. 
The results secured with these samples are given in table 5. 

When the results for calcium in table S are compared, the difference of the 
means is found to be 0.0025 =L 0.0079 per cent. The difference is, therefore, 
less than the probable error and hence, not significant. Comparing the results 
for magnesium, a difference of the means of 0.001 db 0.00056 per cent is found, 
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§ 

as 

In per cent 
of . 

magnesium 

0.0000 

— 0.0002 

+0.0005 

-0.0009 

-0.0009 

-0.0005 

- 0.0002 

0.0000 

+0.0019 

© 

i : : 


b! 

a 

In per cent 
of calcium 

-0.0148 

+ 0.0012 

+0.0072 

-0.0208 

-0.0134 

+0.0208 

+0.0056 

-0.0092 

-0.0060 

-0.0029 

£ 

J 


Ratio of 
M.E. Ca to 
M.E. Mg 

10.60 

6.68 

6.61 

10.08 

7.64 

3.72 

5.30 

6.44 

9.88 

7.44 

2.20 

29.4 

« 

I 


lgeable 

esium 

M.E. 

0.46 

0.50 

0.62 

0.50 

0.62 

0.78 

0.86 

0.72 

0.50 

0.62 

0.01 

0.62 

i 

j 

Exchar 

magn 

Per cent 

0.0057 

0.0062 

0.0076 

0.0062 

0.0076 

0.0096 

0.0105 

0.0088 

0.0062 

0.0076 

0.0016 

21.0 


1 

le calcium 

M.E. 

4.88 

3.44 

4.10 

5.04 

4.74 

2.90 

4.56 

4.64 

4.94 

4.36 

•I 

- 4 

s I. 


1 i 

1 i 

0.0976 

0.0688 

0.0820 

0.1008 

0.0948 

0.0580 

0.0912 

0.0928 

0.0988 

0.0872 

0.0139 

15.9 
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.8 
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V 

! 
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M.E. Ca to 
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9.00 

7.14 

6.75 
9.30 
7.40 
5.32 

5.76 
5.80 
7.03 

7.05 

1.30 

18.4 

6 

•§ 

es 

£ 
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£ 

1 

£ 

TALLOWED SOIL 

If . 
I s 

( 

0.0057 

0.0060 

0.0081 

0.0053 

0.0067 

0.0091 

0.0103 

0.0088 

0.0081 

0.0075 

0.0016 

21.3 

1 

fel 

1 ; 
£ 

4.14 

3.50 

4.46 

4.00 

4.07 

3.94 

4.84 

4.18 

4.64 

4.19 



cd 

1 i 

0.0828 

0.0700 

0.0892 

0.0800 

0.0814 

0.0788 

0.0968 

0.0836 

0.0928 

0.0839 

0.0075 

8.93 



Sample 

number 

tH tH s—* rH 

Mean. 

SD. 

CV. 


Odds. 3.19 to 1 None 
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favoring the cropped soil. This difference, however, is less than twice the 
probable error and it, also, is not significant. These results, therefore, are in 
accord with those previously presented and indicate that one season of cropping 
with com produced no measurable effect upon the exchangeable calcium and 
magnesium of the soil. The selection of plots for this study prove a rather 
unfortunate one as both plots, though only 1/20-acre in size, showed high 
variability. 


DISCUSSION OE RESULTS PRESENTED 

The figures obtained for the old rice soil, Crowley silt loam, reveal no unusual 
characteristics of the soil, except the rather infrequently encountered situation 
in which the greater concentration of the exchangeable bases is found near the 
surface. The deposition of salts by the irrigation water in the surface soil due 
to restricted leaching, is responsible for this condition. 

The explanation for the depressing effect upon the exchangeable calcium 
produced by flooding the soil and its building-up effect upon the exchangeable 
magnesium is much more difficult. It has been shown by Subrahmanyan 
(18) that keeping a soil saturated with water reduces its hydrogen-ion con¬ 
centration. He presented data, also, which showed that the decrease in 
hydrogen-ion concentration was concomitant with the increase in free and 
saline ammonia. The writer, working with Janssen (IS) also observed this 
fact in rice soils, and found that most of the decrease in hydrogen-ion concen¬ 
tration disappeared when the soil was dried for a few days previous to sampling. 
It is rather difficult to see how this change could appreciably affect the ex¬ 
changeable calcium and magnesium, particularly in divergent manner. If the 
flood water had been decanted or the soil solution displaced before the samples 
were analyzed, the decrease in calcium might be attributed, in part at least, to 
passage of a portion of the exchangeable calcium into solution. This would 
still leave the increase in exchangeable magnesium to be explained. The 
flood water was allowed to dry in the soil, however, and the soil solution was 
not displaced before the samples were treated with the salt solution. Gedroiz 
(4) found a very small increase in exchangeable calcium in soil which stood 
submerged in n NaCl solution for 3 months and for 14 months, but this, of 
course, represents very different conditions than flooding with distilled water. 
Martin and Christie (13) waterlogged a sandy loam soil and found that the 
concentration of calcium and of magnesium in the soil solution was depressed. 

The writer is unable to offer an explanation for the divergent behavior of 
these bases in flooded soil. It would seem, however, that the phenomenon 
might be more easily explained if it is assumed that the exchangeable bases are 
held in the soil by true chemical forces, rather than to assume the double-layer 
type of adsorption proposed by Hissink. Submergence affected the soil 
colloids, and it required nearly one-third more time to leach the flooded soil 
samples than the corresponding samples kept air-dry or at optimum moisture 
content. Such a change in the physical condition of the soil might be advanced 
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to explain the decrease in exchangeable calcium, but it is difficult to see how 
the increase in magnesium could be explained on this basis. 

Considering the fact that a com crop which would yield 60 bushels per acre 
would remove perhaps not more than 2 per cent of the amount of calcium 
held in exchangeable form in the soil studied, (and in many cases, probable, 
less than 2 per cent) it is not surprising that no effect of cropping could be 
measured. The results are in accord with those secured by Martin (12), 
though his results are of greater significance because the periods of cropping 
and fallowing are much longer. 

An interesting feature of the results secured with Clarksville silt loam is the 
rather wide ratio of calcium to magnesium. Most of the soils of this country 
upon which reports have been published show ratios approaching more nearly 
that of the Crowley silt loam. 


SUMMARY 

The results of a study of the exchangeable calcium and magnesium of a soil 
cropped to rice for a long period of time are reported in the foregoing para¬ 
graphs. The effect of flooding a soil, as in rice fields, and the effect of a season 
of cropping with corn upon the exchangeable calcium and magnesium were also 
studied. 

Crowley silt loam cropped to rice for 15 of the past 20 years showed con¬ 
siderably more exchangeable calcium and magnesium in the surface soil than 
in the sub-surface horizon. 

Keeping Clarksville silt loam at a moisture content of 20 per cent with dis¬ 
tilled water for a period of 75 days increased the exchangeable magnesium as 
compared to the same soil kept air-dry. Exchangeable calcium was not 
appreciably changed. Flooding with distilled water for the same period of 
time depressed the amount of exchangeable calcium, but increased the amount 
of exchangeable magnesium. 

Cropping with com for one season brought about no measurable change, 
when compared with fallowing, upon the exchangeable calcium and magnesium 
of Clarksville silt loam. 
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The influences which higher plants may exert upon development of the 
microscopic population of the soil and the effects which such microorganisms 
may have are naturally numerous. The fact that plant growth continues in 
soil and that microorganisms develop in this habitat are ample verification of 
this fact. Neither group of organisms can develop long in the absence of the 
other in nature without showing abnormalities due to the absence of the other 
associate. Most of the soil organisms depend upon the organic and inorganic 
plant residues as sources of food and higher plants depend upon the conversion 
of their own remains by microorganisms into assimilable substances as sources 
of nutrients. Inhibition of activities of either group of organisms eventually 
leads to modified development of the other. The reciprocal effects of the 
development of higher plants in intimate relationship with microorganisms are 
associated with a multitude of reactions occurring in the soil wherever higher 
plants grow. The activities associated with the complex transformation of 
organic and inorganic substances are largely regulated by microbial develop¬ 
ment. Starting with large mineral aggregates with which plant residues are 
incorporated the microdrganisms play very important rdles in developing a 
disintegrated admixture of fine particles capable of supporting higher plants 
and furnishing to them the nutrients, either inorganic or organic, which are 
necessary for their maturity. 

The plants withdraw considerable amounts of substances (principally in¬ 
organic) from the rhizosphere, modify the soil structure by the penetration 
of roots, exert solvent effects by the excretion of carbon dioxide and eventually 
introduce large amounts of organic matter to the soil in the form of their dead 
tissues which undergo disintegration through the agency of the microorganisms. 
These changes all affect the development of the soil organisms. In a com¬ 
prehensive way it is difficult to distinguish between those activities of plant 
growth which do and do not affect microbial development and equally difficult 
to determine what activities of microorganisms in soils do not exert direct or 
indirect effects upon plant growth. 

Close to the root systems the reactions of soil microorganisms may not be 
qualitatively different from those at a distance from the roots, but they may, 
and undoubtedly do, differ quantitatively due to the influences of the higher 
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plants and further, their effects upon plant development become apparent 
more quickly since their action occurs nearer to the organs of absorption of the 
higher plants. 


HISTORICAL 

Results of studies concerned with the influences of development of higher 
plants upon the abundance of groups of microorganisms or microbial activities 
in soils about root systems may be interpreted as reflecting the resultant effect 
of a variety of influences of the plants upon the rhizosphere, partly depressive 
and partly accelerative. Among the various modifications of the soil which 
the plants may provoke are the following: lowering of the concentration of 
cer tain mineral nutrients in the soil due to their absorption, partial desiccation 
of the soil by absorption of water, increase in soil carbonates following root 
excretion of carbon dioxide, contribution to microbial foods by sloughed off 
root portions and excretions. Some of these effects may directly affect the soil 
population and others indirectly by modifications of the physical composition 
of the soil. The attraction of phytophagous insects and worms about roots 
may eventually lead to influences upon the microorganisms. 

Knowing what marked changes are brought about in soils by desiccation 
(26,23) and what influences such effects may exert upon the biological proper¬ 
ties (67), it is not surprising that combinations of a variety of environmental 
changes should result in modifications of the biological activities. 

Rokitskaia (51) observed that decomposition of cellulose proceeded at 
different rates in soils obtained from the root zones of various plants. The 
explanation of this effect may appear from an appreciation of the nutrition 
of the soil organisms which naturally require considerable abundance of 
mineral nutrients and available nitrogen to decompose cellulose. The differ¬ 
ent degrees of exhaustion of the nitrogen and other necessary substances by 
root absorption may explain the observed effects on cellulose decomposition. 

Microorganisms penetrating the plant . The most striking development of 
microorganisms about roots of higher plants appear in cases of actual pene¬ 
tration of roots by the microorganisms. This may result in pathological 
conditions where the microorganisms cause marked destruction of cells and 
tissues; it may result in passive conditions with little or no injury; or it may be 
a condition of actual beneficial effects of the invader upon the host. Several 
classes of this last case are known: 1) the association of bacteria with legumes, 
2) mycorrhiza formations with such plants as woody trees, orchids and heathers 
(49,40), 3) possible cases of stimulation to root development (50), 4) invasion 
of many non-legumes by passive or symbiotic bacteria called “bacteriorrhiza” 
by Perotti (47, see also 57, pages 447-460). 

Penetration of roots of most plants including annuals and perennials, woody 
and herbaceous is probably the rule rather than the exception (20). The 
extent of the penetration and degree of the effects vary with the soil conditions 
which determine the vigor and degree of resistance. Under favorable cultural 
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conditions there may be no apparent injury but, under adverse conditions of 
moisture, temperature, or nutrient supply the invader may caused definite 
injury. 

Influence of inorganic root excretions upon soil organisms . Excretion of 
both organic and inorganic substances by plant roots appear of particular 
interest in their influences upon microbial activities as well as in nutrition 
of the plants themselves. Although it is apparent that higher plants must 
absorb more of the inorganic substances than they excrete, still at certain 
stages of growth, there may be appreciable elimination of certain substances 
both organic and inorganic, nitrogenous and non-nitrogenous. 

Fred and Haas (13) verified the observations of Sachs (52) and Knop (24) 
that roots may exert a solvent effect upon limestone by the action of the 
carbon dioxide which is liberated. They further extended these observations 
by demonstrating that the presence of microorganisms enhanced this solvent 
action. This suggests that the microorganisms may exert pronounced 
effects about roots as a result of their ability to produce carbon dioxide pre¬ 
sumably from the decomposition of organic root excretions. Stoklasa and 
Ernest (58, 59) and Aberson (1) showed that the strong corrosive action 
was due to carbon dioxide and that other acids played no important rdle 
under normal conditions of plant growth. Czapek (11) and Wilfarth, Romer 
and Wimmer (71) observed that appreciable amounts of inorganic compounds 
of potassium, calcium, magnesium, phosphates, sulfates, and chlorides may 
be eliminated by the plant roots into the soil. Stoklasa (58, 59, 55), Kunze 
(25) and others (see 41,17) have shown that the carbon dioxide evolved from 
roots and by microorganisms greatly facilitates absorption of essential ele¬ 
ments from relatively insoluble soil minerals. Newton (43, 44) emphasizes 
the importance of excretion of carbon dioxide by plant roots in the feeding 
power of plants. The results of Parker (45, 46) show that there may be no 
correlation between amounts of nutrients absorbed and carbon dioxide 
evolved by the roots of higher plants growing in the presence of an abundance 
of soluble nutrients (as in cultural solutions). However, in the soil en¬ 
vironment, the carbon dioxide evolved from roots and by the soil organisms 
may play an important r61e in determining the ability of higher plants to 
absorb nutrients. The consumption of oxygen and formation of carbon 
dioxide in the soil both from microbial action and from plant roots may 
exert pronounced effects upon root development (7, 8). 

Neller (42) observed that the carbon dioxide produced from soil supporting 
growth of higher plants was appreciably greater than the amounts produced 
by unplanted soil. In explaining his results it seems necessary to assume 
that the plant growth actually must have accelerated the decomposition of 
the soil organic matter by effecting a more thorough aeration or some other 
similar action. Lundegardh (30) concluded that the contribution of the 
microorganisms to the carbon dioxide of the atmosphere generally far exceeds 
that of the roots of higher plants under normal conditions. Stoklasa’s results 
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(57) would lead to a similar conclusion. Barakov (2) and Turpin (62) con¬ 
cluded that the plant often produces, at the period of its most active growth, 
many times as much carbon dioxide as is produced by soil organisms, and that 
the excess of carbon dioxide in the soil growing a crop is due to respiratory 
activity of the plants rather than to the decay of root particles from the crop 
growing upon the soil. That this conclusion may not be entirely justified 
may appear from the experimental results to be reported. Metzger (41) 
found the soil bicarbonates in much greater concentration near plant roots 
than at a distance from the roots. The greatest increase in bicarbonates 
appeared at the period of heading of the plants. What portion of these 
effects may be attributed to the soil microorganisms is speculative. 

Headden (17) also observed a marked increase in carbon dioxide in soils 
under growing plants and attributed to a large degree the beneficial influence 
of one crop upon subsequent ones to the solvent action which this carbon 
dioxide exerts upon insoluble soil minerals. Due to the fact that the amount 
of carbon dioxide in the soil decreased to a low level following the cutting of 
a crop it was concluded that the growth of higher plants suppresses microbial 
activities and that the increase in carbon dioxide found under plants is due 
to excretion of the gas from the plant roots. These conclusions are not in 
accord with facts observed by others regarding the development of micro¬ 
organisms in the rhizosphere (21, 27, 68, 29, 53, 16). 

Influence of organic root excretions upon soil organisms . Little is known as 
to the nature or abundance of excretions of organic substances from roots. 
Lyon and Wilson (35) determined the amounts of residues and excretions 
from plant roots developing in solutions free from microorganisms. These 
solutions showed the presence of organic nitrogen even before the nitrate 
nitrogen had all been absorbed. In some cases there appeared to be a decrease 
in the amount of organic nitrogen with progressive stages in the life of the 
plant, especially at the period close to maturity. The ratio of organic matter 
in solution to that in the plant was from 1-37 to 1-65. The organic matter 
contained relatively small amounts of nitrogen. Cranner (9) found a con¬ 
siderable abundance of phosphatides excreted by roots of higher plants, seeds 
and seedlings. It was believed by Melin (39) that such materials play an 
important r61e in favoring development of mycorrhiza fungi about roots 
leading to their subsequent penetration of the roots and associative develop¬ 
ment with the plants. 

The much discussed problem of soil toxins, and effects of one drop upon 
another may find interpretation from information concerning root excretions, 
absorption by roots and residual products of plant disintegration. Associative 
effects of plants and microorganisms find expression in the modification of the 
abundance of cells of different physiologic groups of microorganisms about 
roots and their activity in the rhizosphere. Beijerinck (4) found larger 
numbers of Azotobacter in soil close to* roots of legumes than in. soil from 
roots of non-legumes. It may be logical to consider that organic plant 
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residues about plant roots would serve as a suitable source of food for nitro¬ 
gen fixing organisms consequently favoring their development and associated 
fixation of nitrogen. In fact, Truffaut and Bezssonov (61) rlairn to have 
grown com to maturity in media containing no nitrogen but containing 
nitrogen-fixing bacteria. It was believed that the organic matter excreted 
from the plant roots served as food for the bacteria, which fixed the nitrogen, 
which in turn became available to the plants. Such results as these should 
be repeatedly verified before being seriously accepted as indicating the facts. 
It seems unlikely, however, even though small amounts of nitrogen were 
fixed under such conditions, that they would be sufficient to satisfy the de¬ 
mands of the plants. Further, since the nitrogen-fixing bacteria were the 
only ones present, it seems unlikely that any appreciable amount of the 
fixed nitrogen would become available to the plants. At least, it is known 
that, under natural conditions where the same agencies should appear active, 


TABLE 1 

Influence of plant development upon abundance of bacteria and formation of 
carbon dioxide (. Stoklasa) 


SOIL DEPTH 

PASTURE 

LUCERNE 

WHEAT 

SUGAR BEETS 


Bacteria 

CO* 

Bacteria 

CO* 

Bacteria 

CO* 

Bacteria 

CO* 

cm. 

millions 

mgm* 


mgm* 

millions 

mgm* 

millions 

mgm* 

■ 

2.300 

16.5 

54.800 

60.6 

24.000 

47.5 

38.700 

56.4 


2.500 

19.4 

52.500 

62.8 

25.600 

49.7 

41.200 

58.2 

30-50 

0.140 

9.8 

14.800 

46.2 

26.000 

28.5 

22.000 

36.4 

50-80 

0.012 

3.3 

0.770 

16.3 

2.200 

6.6 

5.500 

8.3 

80-100 

0.005 

2.2 


3.7 

0.049 

4.3 

0.200 

4.8 


* From 1 kg. soil in 24 hours. 


non-legumes require the presence of an abundance of nitrogen which is 
not supplied through the agency of non-symbiotic nitrogen-fixing organisms. 

Joshi (21) showed that non-legumes might benefit from associative de¬ 
velopment of nitrogen-fixing bacteria although no nodulation developed. 

Influence of plant development upon abundance of soil microorganisms . 
Velich (63) found an organism called Clostridium gelatinosum , Laxa. in greater 
abundance in soils close to the roots and upon the root epidermis of beets, 
mangels, barley, rye, oats and wheat than at a distance from the roots. 
Similar observations were also made by Maassen'and Gruber (see Ldhnis, 28, 
p. 16). Hoffman (18) reported that, in 27 out of 32 cases investigated, the 
numbers of bacteria in soils adjacent to roots were much greater than in 
soils at a distance from the growing roots. Further studies demonstrated 
that development of different plants exerts different effects upon any one 
organism and that development of different organisms may exert a variety 
of effects upon any one plant. 

LeClair (27) found the bacteria more abundant in planted than in un- 
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planted soil. Johnson and Levine (19) found certain gram negative bacteria 
(coli-like) in greater numbers in planted soils. Greaves, Stewart and Hirst 
(61) found the numbers of organisms more abundant in cropped than in 
fallow soil. Stoklasa’s results (56) show a rather close correlation between 
the abundance of bacteria in soils under different plants and the evolution 
of carbon dioxide from these soils. Further, these differences were apparent 
not only in the surface layers of soil but persisted even in the deep layers 
(table 1). The fact that roots of weeds evolved greater amounts of carbon 
dioxide tha n cultivated plants led him to believe that such plants had a 
greater feeding power and consequently could frequently compete to ad¬ 
vantage with cultivated plants. 

Somewhat larger numbers of nitrogen-fixing bacteria and total bacteria 
were found in planted than unplanted soils by Joshi (21). Legumes favored 
the development of the greatest abundance of organisms. 

Wilson and Lyon (68) grew plants under controlled conditions in sterilized 
soils inoculated with pure cultures of bacteria with the results that much 
greater numbers of bacteria developed in practically all cases as compared 
with development in the absence of plant growth. 

The results of Lohnis (29) show that the numbers of bacteria increased as 
a result of plant growth, particularly in the case of some of the legumes. 
The response to the crops was much greater the second year. This might be 
expected in view of the fact that continuous cropping leaves residues which 
should keep the abundance of organisms at a relatively high level; an un¬ 
cropped soil, however, undergoes progressive depletion of microbial foods and 
consequently decreases in biological activity. The numbers of B . radiobacier 
fluctuated, but in general were more numerous under the legumes. The 
actinomyces and filamentous fungi were slightly higher under plants than in 
the absence of plant growth. The general increases in the soil population 
persisted even after the periods of harvesting the crops but a thorough desicca¬ 
tion of the soil caused a more or less complete disappearance of the effects. 

Creuzbuig (10) attacked the problem in the identical way followed by 
Ldhnis but obtained less striking results. Although some increase in numbers 
of bacteria was observed under legumes, even a decrease was found under 
cereals. Even second plantings of crops gave very slight differences under 
cereals. He concluded that only certain plants under certain conditions exert 
an influence upon numbers of soil bacteria. No significant influence of the 
stage of growth of the plants upon the abundance of organisms was apparent 
from the results of either Ldhnis or Creuzburg. 

Smith (53) observed that growth of legumes increased the numbers of B. 
radiobacier from the third week after planting and this effect persisted some 
weeks after harvesting the crops. Although the results in the field were less 
striking than in the greenhouse, the abundance of these organisms was greater 
nearer the roots, often none being found one foot distant from the roots. 

Taranovskaia and Germanov (60) believed that the increases in numbers 
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of bacteria and acceleration of nitrate formation by growth of clover was 
due to improvement in the physical structure and physico-chemical properties 
of the soil by plant growth. From the results of Batchelor and Curie (3) 
there appears to be a correlation between crop yields (and consequently root 
residues) and abundance of nitrogen-fixing anaerobes in soils. The greatest 
number of the organisms appeared in soils supporting the best development 
of higher plants. 

Influence of plant development upon nitrification . The rapidity of accumula¬ 
tion of nitrate nitrogen in soils need not be associated with the abundance of 
nitrifying organisms. Even though such organisms occur in abundance and 
even though considerable ammoniacal nitrogen be added, nitrate nitrogen may 
not accumulate for a considerable period of time in case any abundance of 
decomposable non-nitrogenous organic matter be present. 

King and Whitson (22) found that nitrates accumulate in soil more rapidly 
after growth of clover than com or oats (see also Lohnis, 28, p. 766-770). 
Lyon, Bizzell, B. D. Wilson and J. K. Wilson (31, 32, 33, 34, 37, 38, 69, 70) 
noted that greater amounts of nitrate nitrogen accumulated under legumes 
than non-legumes and that nitrification subsequent to removal of the crops 
was greater from the soils which had grown legumes. Brown (5, 6) found 
that clover in rotations favored nitrification. Greaves (15) however, reported 
that nitrification in alfalfa soil was lower than that in wheat soil. Although 
it would appear from Lohnis* results (29) that nitrification proceeded more 
rapidly under plants than where no plants were growing, laboratory tests 
failed to indicate that plant development modified the nitrifying capacity of 
the soils. However, the method used for estimating this reaction could 
hardly be expected to detect such differences. 

It was concluded by Lyon and his co-workers that the striking effect of 
legumes was associated with the nitrogen content of the root residues from the 
plants; the non-legumes were believed to introduce into the soil, organic matter 
of lower nitrogen content than the legumes. Roots added to soils have been 
shown to depress nitrate formation in direct order of the percentage content 
of nitrogen in the roots (36), Information from many sources shows that the 
consumption of nitrogen in the nutrition of soil microorganisms, developing 
upon non-nitrogenous organic matter, determines the extent of nitrification 
(12, 48, 54, 65 and 66 chapter 26). 

Lyon and Bizzell (33) found that, in the early stages of growth, plants 
accelerate nitrification but that at the periods of more advanced develop¬ 
ment they depress nitrification. Cropping, in general, but cropping to 
legumes in particular favored nitrification. This enhanced ability of the 
alfalfa soil to form nitrates persisted for more than a year after the crop was 
removed. Greaves, Stewart and Hirst (16) observed that plant growth 
favored the nitrification process. 

In general, it appears justifiable to consider, from the information available, 
that development of higher plants results in modifications of the soil popula- 
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tion and that marked increases in the abundance of certain microorganisms 
frequently occur. Certain activities associated with these organisms are 
also consequently affected. 

EXPERIMENTAL PROCEDURE 

If it were to be expected that development of higher plants would exert 
effects upon the soil organisms it seemed reasonable to assume that pronounced 
effect would be most likely to appear when plant development was well ad¬ 
vanced. Preliminary observations were consequently made of soils support¬ 
ing a variety of plants in the fall of the year. The plants used and the con¬ 
dition of the plants at the time of sampling were as follows: 

Sugar beets—plants well developed with heavy roots, vigorous vegetative growth, 
plants in condition to be harvested. 

Alfalfa—second cutting of plants six months old, vigorous vegetative growth. 

Field com—plants approaching maturity, kernels still somewhat soft, plants still 
green. 

Eggplant—had been yielding fruit for several weeks, vegetative growth still green. 

Rye—fall cover crop about six weeks old, about eight inches high, vigorous vegetative 
growth. 

Apple tree—about ten years old, fruit had already been harvested this season, leaves 
still green. 

Samples of soil were collected from as near to the roots as possible and in 
some cases, as with the sugar beets, the soil was taken from the roots subse¬ 
quent to removing the plants from the soil. At the same time, samples of 
soil were taken about a foot distant from the plants at the same depth as 
sampled from the roots but taken so as to include as few roots as possible or 
none at all. The soils were passed through a 3 mm. sieve and thoroughly 
mixed before studying. 

The following biological observations were made upon these soils: 

1. Determination of the abundance of colonies of filamentous fungi developing upon 

Waksman’s add agar (64). In preparing this medium for use, instead of adjusting 
the reaction of the medium before sterilization, the add was added just before 
pouring the plates. Before sterilization, the medium was titrated with 0.2 N 
add and calculations were made to determine how much add should be added to 
300 cc. of the medium to bring the reaction to pH 3.8. The medium was sterilized 
in 300 cc. portions in 500 cc. Erlenmeyer flasks. Standard 0.2 N H3SO4 was 
sterilized in a separate flask at the same time. At the time of pouring the plates, 
when the medium was melted the calculated amount of add was added with a 
, sterile graduated pipette. Adjustment of the reaction by this means insured' a 

firm medium. Such a method of adjusting the reaction would permit lowering 
the pH below that possible where the add was added before sterilization. 

2. Deter mi nation of the abundance of colonies of actinomyces developing upon Waks¬ 

man’s albumin agar (14, medium 5). 

3. Determination of the abundance of colonies of bacteria developing upon the albu¬ 

min agar. 

4. Detennnation of the abundance of colonies developing upon nitrogen-free mannite 

agar (14, medium 77). 
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5. Determination of tlie abundance of mucoid colonies developing upon the nitrogen- 

free mannite agar. 

6. Determination of the carbon dioxide evolved in fifteen days from portions of soil 

calculated to be the equivalent of 100 gm. oven-dry soil. 

For the plate counts five plates were counted at the dilution at which the 
soils were plated. Only averages of these counts are reported. 

EXPERIMENTAL RESULTS 

The results of these observations are presented in table 2 and figure 1. In 
the figure, the unshaded columns are extended below the zero line to represent 
the abundance of organisms and evolution of carbon dioxide in the soils ob¬ 
tained from a distance from the plant roots. The black columns represent 
the results of the measurements made upon the soils obtained from the 
rhizosphere. These black columns extend as far below the zero line as the 
unshaded columns. Consequently any extension of the black columns above 
the zero line represents the detection of greater numbers of organisms or 
greater evolution of carbon dioxide in the soil near the plant roots than in the 
soil distant from the roots. The greater the extension of the black columns 
above the zero line the greater the determined abundance of organisms or 
evolution of carbon dioxide in the soils about the roots of the plants concerned. 

It is quite apparent that all of the groups of organisms studied appeared 
in greater abundance in the soils dose to the plant roots than in similar soils 
devoid of root development. These differences appear to be of such an order 
as to be significant in all cases. Differences are evident between the extent 
of the influences of root development upon the different groups of organisms 
and also upon the influences of different plants upon any single group of 
organisms. It is not intended that these results should be accepted as re¬ 
flecting the influences which these various plants may exert upon the soil 
population at any period during the growing season. On the other hand, it 
is very apparent from the results which will appear in subsequent papers that 
the plants exert very different effects upon the soil population at “different 
stages in their development. These data however, would seem to indicate 
that, at any one time, particularly when the plants are well advanced in 
growth, the microorganisms are more numerous in the soil which has been 
penetrated by the plant roots. 

Of all the organisms studied, the fungi appeared to be least affected by 
root development. The increases varied between 6 per cent and 80 per cent. 
The average increase in fungi under all of the plants was 39 per cent. Al¬ 
though these differences may b*e considered to be significant, the determina¬ 
tion of fungi by the plate method is not sufficiently accurate to permit the 
assumption that slight differences are more than suggestive. 

The actinomyces appear to be affected to a somewhat greater extent than 
the fungi. The increases due to development of plants varied between 23 
per cent and 275 per cent. The average increase under all plants was 115 
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per cent. The plate method of determining the abundance of actinomyces 
in soils may be considered as reflecting the abundance of these organisms in 
the soil more accurately than such a measurement of fungi* 

The numbers of bacteria developing upon albumin agar are affected to a 
striking degree by plant development. The increases in numbers varied 
between 69 per cent and 445 per cent. The average of the increases under 
all plants was 222 per cent. The total colonies developing upon nitrogen-free 
mannite agar represent much the same organisms as occur upon albumin 
agar and do not represent nitrogen-fixing bacteria. The effects of plant 
development upon the abundance of these organisms is much the same as 
the effects upon the bacteria developing upon albumen agar. 

The mucoid colonies developing upon the nitrogen-free mannite agar in¬ 
clude such organisms as B. radiobacter , Aero . aero genes, B. radicicola and re¬ 
lated forms which are non-spore-forming, gram-negative rods which may or 
may not fix nitrogen. This group was increased to a greater degree by root 
development than any 3 of the other groups of organisms studied. Although 
the percentage increase was greatest about the roots of the apple tree, by 
far the greatest increase in numbers of the organisms appeared about the 
roots of alfalfa. 

The only me<asurement made of the biological activity in these soils was 
the evolution of carbon dioxide. This is a more exact measurement of the 
biological condition of spils than the enumeration of any of the organisms by 
plate counts, consequently, slight differences in formation of the gas may be 
considered to be significant where similar differences in plate counts would 
seem to be within the error of the determination. In all cases considerably 
greater amounts of carbon dioxide were formed by soils obtained from plant 
roots than by soils supporting no root growth. The average increase due to 
plant growth was' 105 per cent. 

It is suggestive that the rye exerted the least influence upon formation of 
carbon dioxide of all the plants studied, and that the apple roots exerted the 
greatest proportional increase. This may appear more suggestive in view of 
the fact that the rye plants were very young while the roots of the apple tree 
had been developing in the soil over an extended period of years. 

These data as a whole suggest that higher plants may affect certain groups 
of organi sm s to a different degree’than others and that the order of the extent 
of the influence of growth of different plants upon different groups of organ¬ 
isms may not be the same. 

’ SUMMARY 

Material is presented introductory to a series of observations upon the 
influences of development of higher plants upon the microbial population of 
soils. The pr el i min ary experimental observations indicate that microorgan¬ 
isms occur in greater abundance about plant roots than at a distance from 
the roots. Such appeared to be the case with all of the organisms studied: 
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filamentous fungi, actinomyces, bacteria developing upon albumin agar, 
organisms developing upon nitrogen-free mannite agar, and, the group of 
bacteria related to B. radiobacter which develop as mucoid colonies upon 
nitrogen-free mannite agar. Different plants affected any one group of 
microorganisms differently and caused greater proportional and absolute in¬ 
creases in the abundance of certain groups of organisms than others. Organ¬ 
isms related to the B. radiobacter group, bacteria developing upon albumin 
agar and organisms developing upon nitrogen-free mannite agar increased to 
a greater degree as a result of plant growth than did the actinomyces or 
filamentous fungi. 

Soils supporting root development produced much more carbon dioxide 
than soils devoid of roots. 

REFERENCES 

(1) Aberson, J. H. 1910 Ein Beitrag zur Kenntnis der Natur der Wurzelausscheidungen. 

Jahr . /. TPiw. Botan., v. 47: 41-56. 

(2) Barakov, P, 1910 The carbon dioxide of soils during different stages of growth 

of plants. Zhur. Opiutn. Agron. (Russian Jour. Exper. Landw.), v. 11: 321- 
343. (See Exp . Sta . Rec. x v. 23 : 523.) 

(3) Batchelor, H. W., and Curie, I. H. 1929 A practical method for determining 

the number of Clostridium butyricum colonies in acid soil. Jour. Bad., v. 17:- 
25-26. 

(4) Beijerinck, M. W. 1908 Fixation of free atmospheric nitrogen by Azotobacter in 

pure culture. Proc. of the Section of Sciences, Eon. Akad. v. Wetenschappen, 
Amsterdam, v. 11: 67-74. Also in Versamelde Geschriften van M. W. Bei¬ 
jerinck, v. 4: 1921, p. 298-304. 

(5) Brown, P. E. 1912 Bacteriological studies of field soils. II. The effects of con¬ 

tinuous cropping and various rotations. Iowa Agr. Exper. Sta., Res. Bui. 6: 
214-246. 

(6) Brown, P. E. 1915 Bacterial activities and crop production. Iowa Agr. Exper. 

Sta., Res. Bui. 25: 359-388. 

(7) Cannon, W. A. 1925 Physiological features of roots with especial reference to the 

relation of roots to aeration of the soil. With a chapter by E. E. Free on 
differences between nitrogen and helium as inert gases in anaerobic experiments 
on plants. Carnegie Inst, of Wash., Pub. 368: 1-168. 

(8) Clements, F. E. 1921 Aeration and air-content. The r6le of oxygen in root 

activity. Carnegie Inst, of Wash., Pub. 315: 1-183. 

(9) Cranner, B. H. 1922 Zur Biochemie und Physiologie der Grenzschichten lebender 

Pflanzenzellen. Meld, fr . Norges Landbmckshoiskole, v. 1-2: 1-160. 

(10) Creuzburg, U. 1928 Untersuchungen fiber den Einfluss der Pflanzenbestandes auf 

das Bakterienleben im Boden. Landw. Jahr., v. 68: 75-115. 

(11) Czapek, F. 1896 Zur Lehre von den Wurzelausschiedungen. Jahr. f. Wiss* Botan., 

v. 29: 321-390. 

(12) Doryland, C. J. T. 1916 The influence of energy material upon the relation of soil 

microorganisms to soluble plant food. No. Dak. Agr. Exp. Sta., BuL 116: 
319-401. 

(13) Fred, E. B., and Haas, A. R. C. 1918-19 The etching of marble by roots in the 

presence and absence of bacteria. Jour. Gen. Physiol., v. 1: 631-638. 

(14) Fred, E. B., and Waxsman, S. A. 1928 Laboratory manual of general micro¬ 

biology. McGraw-Hill Book Co., Inc., New York, p. 1-145. 



332 


ROBERT L. STARKEY 


(15) Greaves, J. E. 1914 A study of the bacterial activities of virgin and cultivated 

soils. Cent . f, Bakt . etc., Abt. II, v. 41: 144 - 4 59. 

(16) Greaves, J. E., Stewart, R., and Hirst, C. F. 1917 Influence of crop, season and 

water on the bacterial activities of the soil. Jour, Agr. Res., v. 9: 293-341. 

(17) Headden, W. P. 1927 The effects of clover and alfalfa in rotation. Colo. Agr. 

Exper. Sta., Bui. 319: 1-71. 

(18) Hoffman, C. 1914-15 A contribution to the subject of the factors concerned in 

soil productivity. Kans. Univ. Sd. Bui. 9: 81-99. 

(19) Johnson, B. R., and Levine, Max 1917 Characteristics of coli-like microorganisms 

from the soil. Jour. Boot., v. 2 : 379-401. 

(20) Jones, F. R. 1924 A mycorrhizal fungus in the roots of legumes and some other 

plants. Jour. Agr. Res., v. 29: 459-470. 

(21) Josm, N. V. 1925 Studies on the root nodule organism of the leguminous plants. 

Agr. Res. Inst. (Pusa) India, Mem. of Dept, of Agr., Bact. Ser ., v, 1: 247-276. 

(22) King, F. H., and Whitson, A. R. 1900 Soluble salts of cultivated soils. Wis. 

Agr. Exper. Sta., 17th Ann. Rpt., p. 204-226. 

(23) Klein, M. A. 1915 Studies in the drying of soils. Jour. Amer. Soc. Agr on., v. 7: 

49—77. 

(24) Knop, W. 1864 Chemische Untersucliungen iiber die Eraahrung der Pflanze. 

Ann. Chent . Pkann., v. 129: 298-330. 

(25) Ktjnze, G. 1906 tlber SSureausscheidungen bei Wurzeln und Pilzhyphen und ihre 

Bedeutung. Jahr.f. Botan., v. 42: 357-393, 

(26) Lebedjantzev, A. N. 1924 Drying of soil as one of the natural factors in main¬ 

taining soil fertility. Soil Sci ., v. 18: 419-447. 

(27) LeClatr, C. A. 1915 Influence of growth of cowpeas upon some physical, chemical 

and biological properties of soils. Jour . Agr. Res., v. 5 : 439-448. 

(28) LOhnis, F. 1910 Handbuch der landwirtschaftlichen Bakteriologie. Geb. Bom- 

traeger, Berlin, p. 1-905. 

(29) Lohnis, F. 1926 Effect of growing legumes upon succeeding crops. Soil Set., v. 

22 : 355-389. 

(30) Lundegardh, H. 1924 Der Kreislauf der Kohlensaure in der Natur. Jena, Gustav 

Fischer, p. 1-308. 

(31) Lyon, T. L., and Bizzell, J. A. 1911 A heretofore unnoted benefit from the growth 

of legumes. N. Y. (Cornell) Agr. Exper. Sta., Bui. 294 : 365-374. 

(32) Lyon, T. L., and Bizzell, J. A. 1913 The influence of alfalfa and timothy on the 

production of nitrates in soils. Cent. /. Bakt. etc., Abt. II, v. 37: 161-167. 

(33) Lyon, T. L., and Bizzell, J. A. 1913 Some relations of certain higher plants to the 

formation of nitrates in soils. N. Y. (Cornell) Agr. Exper. Sta., Mem. 1: 1-111. 

(34) Lyon, T. L., Bizzell, J. A., and Wilson, B. D. 1920 The formation of nitrates in 

a soil following the growth of red clover and of timothy. Soil Sci., v. 9: 53-64. 

(35) Lyon, T. L., and Wilson, J. K. 1921 Liberation of organic matter by roots of 

growing plants. N. Y. (Cornell) Agr. Exper. Sta., Mem. 40: 1-44. 

(36) Lyon, T. L., Bizzell, J. A., and Wilson, B. D. 1923 Depressive influence of cer¬ 

tain higher plants on the accumulation of nitrates in soil. Jour . Amer. Soc . 
Agron., v. 15: 457-467. 

(37) Lyon, T. L., Bizzell, J. A., and Wilson, B. D. 1924 An inquiry into the reason for 

the large accumulation of nitrates in soil following the growth of dover or 
alfalfa. Jour. Amer. Soc. Agron., v. 16: 396-405. 

(38) Lyon, T. L., and Wilson, B. D. 1928 Some relations of green manures to the 

nitrogen of a soil N. Y. (Cornell) Agr. Exper. Sta., Mem. 115: 1-29. 

(39) Meun, E. 1924 Die Phosphatide als okologischer Faktor im Boden. Svensk. Bot . 

Tidskr., 18. 



PLANT GROWTH AND MICROORGANISMS 


333 


(40) Meun, E. 1925 Untersuchungen iiber die Bedeutung der Baummykorrhiza. Jena, 

Gustav Fischer, p. 1-152. 

(41) Metzger, W. H. 1928 The effect of growing plants on solubility of soil nutrients. 

Soil Sci., v. 25: 273-280. 

(42) Neller, J. R. 1922 The influence of growing plants upon oxidation processes in 

the soil. Soil Sci., v. 13: 139-160. 

(43) Newton, J. D. 1923 A comparison of the absorption of inorganic elements and 

of the buffer systems of legumes and non-legumes and its bearing upon existing 
theories. Soil Set ., v. 15: 181-204. 

(44) Newton, J. D. 1924 Measurements of carbon dioxide evolved from the roots of 

various crop plants. Scientific Agriculture, v. 4: 268-274. 

(45) Parker, F. W. 1924 Carbon dioxide production of plant roots as a factor in the 

feeding power of plants. Soil Set., v. 17: 229-247. 

(46) Parker, F. W. 1927 Soil phosphorus studies, m. Plant growth and the absorp¬ 

tion of phosphorus from culture solutions of different phosphorus concentra¬ 
tions. Soil Sci., v. 24: 129-146. 

(47) Perotti, R. 1926 On the limits of biological inquiry in soil science. Proc. Inter. 

Soc. Soil Sci., v. 2: 146-161. 

(48) Rahn, O. 1919 Die schadliche Wirkung der Strohdungung und deren Verhiitung. 

Zeit.f. tech. Biol., v. 7: 172-186. 

(49) Rayner, M. C. 1927 Mycorrhiza. New Phytologist Reprint, No. 15, Wheldon 

and Wesley, Ltd., p. 1-246. 

(50) Riker, A. J., Banfield, W. M., and Wright, W. H. 1928 The relation of certain 

bacteria to the development of roots. Science, n.s., v. 68: 357-359. 

(51) Rokitskaia, A. I. 1926 Aerobic fermentation of cellulose under the influence of the 

soil microflora in the zone of the plant root system. Izv. Nauch, Melior. Inst., 
No. 13: 168-208. 

(52) Sachs, J. 1860 Physiologische Mittheilungen verschiedenen Inhaltes: II Auflosung 

des Marmors durch Maizwurzeln. Bot. Zeit ., v. 18: 117-119. 

(53) Smith, N. R. 1928 The identification of B. radiobacter and its occurrence in soil. 

Jour . Bact., v. 15: 20-21. 

(54) Starkey, R. L. 1924 Some observations on the decomposition of organic matter 

in soils. Soil Sci., v. 17 : 293-314. 

(55) Stoklasa, J. 1924 tJber die Resorption der Ionen durch das Wurzelsystem der 

Pflanzen aus dem Boden. Ber. d. Deut. Botan. Gesell., v. 42: 183-191. 

(56) Stoklasa, J. 1924 Die modemen Zeile der biochemischen Forschung des Bodens. 

Chernie d. Zeile u. Gewebe , v. 12: 23-44. 

(57) Stoklasa, J., and Doerell, E. G. 1926 Handbuch der biophysikalischen und 

biochemischen Durchforschung des Bodens. Paul Parey, Berlin, p. 1-812. 

(58) Stoklasa, J., and Ernest, A. 1905 Ueber den Ursprung, die Menge und die 

Bedeutung des Kohlendioxyds im Boden. Cent. f. Bakt. etc., Abt. 33, v. 14: 
723-736. 

(59) Stoklasa, J., and Ernest, A. 1909 Beitrage zur LSsung der Frage der chemischen 

Natur des Wurzelsekretes. Jahr. f. IFwj. Botan., v. 46: 55-102. 

(60) Taranovskaia, V. G., and Germanov, F. N. 1927 Nitrification in the soil of the 

experimental fields of the Nosovka Agricultural Experimental Station and the 
idle of clover in its improvement. Nosovsk. Selsk. Khoz. Opytn. Sta., Bui. 45: 
1-48. (See Exper. Sta. Rec., v. 59: 117.) 

(61) Truffaut, G., and Bezssonov, N. 1925 Fixation de l’azote gaseux par les plantes 

sup6rieures autres que les legumineuses. Sc.' Sol., v. 4: 3-53. 

(62) Turpin, H. W. 1920 The carbon dioxide of the soil air. N. Y. (Cornell) Agr. Exper. 

Sta., Mem. 32: 319—362. 



334 


ROBERT L. STARKEY 


(63) Velich, A. 1903 Bakteriologische Untersuchung der Zuckerrtibenwurz§lfasem. 

Zeit.f. Zuckerindustrie in Bohnen, v. 27: 975. (See Cent ./. Bakt., etc. Abt. II, 
v. 10: 678-679.) 

(64) Waksman, S. A. 1922 A method for counting the number of fungi in the soil. 

Jour. Bad., v. 7: 339-341. 

(65) Waksman, S. A. 1924 Influence of microorganisms upon the carbon-nitrogen ratio 

in the soil. Jour. Agr. Sd. } v. 14: 555-562. 

(66) Waksman, S. A. 1927 Principles of soil microbiology. The Williams & Wilkins 

Co., Baltimore, p. 1-897. 

(67) Waksman, S. A., and Staekey, R. L. 1923 Partial sterilization of soil, micro¬ 

biological activities and soil fertility: II. Soil Set ., v. 16: 247-268. 

(68) Wilson, J. K., and Lyon, T. L. 1926 The growth of certain microorganisms in 
W planted and unplanted soil. N. Y. (Cornell) Agr. Exper. Sta., Mem. 103: 1-25. 

(69) Wilson, B. D., and Wilson, J. K. 1925 An explanation for the relative effects of 

timothy and clover residues in the soil on nitrate depression. N. Y. (Cornell) 
Agr. Exp. Sta., Mem. 95: 1-21. 

(70) Wilson, B. D., and Wilson, J. K. 1928 Relation of sorghum roots to certain bio¬ 

logical processes. Jour. Amer. Soc. Agron., v. 20 : 747-754. 

(71) Wilfarth, H., Romer, H., and Wimmer, G. 1906 tlber die Nahrstoffaufnahme 

der Pflanzen in verschiedenen Zeiten ihres Wachstums. Land. Vers.-Stat., v. 
63: 1-70. 



SOIL SCIENCE 


5 


Handbuch 
der Bodenlehre 

KearbeitetvonzahlreichenFachgelehrten 

Herausgegeben von 

Dr. E. Blanck 

o. 6. Prof. u.Direkt. d. Agrikulturchemischen u. BodenkundlichenInstituts d.Universit&t Gottingen 
DasWerk wird 10 Bande umfassen, die voraussichtlich 
bis zum Jahre 1930 abgeschlossen vorliegen werden 
Jeder Band ist einzeln kanflich 

Der erste Teil des Handbuches umfaBt die Bande I bis VII und behandelt: 

Allgemeine 

Oder wissenschaftiiche Bodenlehre 

Soeben erschien Band I: 

Die naturwissenschaftlichen Grundlagen 
der Lehrevon der Entstehung des Bodens 

Mit 29 Abbildungen / VIII, 335 Seiten / 1929 
Reichsmark 27.—; gebunden Reichsmark 29.60 

Band II: Die klimatologlschen Grundlagen der Lehre von der Entstehung 
des Bodens und die Verwitterungslehre. 

Band III: Die Lehre von der Verteilung der Bodenarten an der ErdoberfiSche, 
regionale und zonale Bodenlehre. 

Band IV: Aklimatische Bodenbildung, die Bodenformen Deutschlands und dle- 
fossilen Verwitterungsrinden. 

Band V: Der Boden als oberste Schicht der ErdoberflSche und seine geo- 
graphische Bedeutung. 

Band VI: Die physikallsche Beschaffenhelt des Bodens. 

Band VII: Der Boden In seiner chemischen und biologischen Beschaffenheit. 

Der zweite Teil des Handbuches umf aBt die Bande VIII bis X und behandelt: 

Angewandte Oder spezielle Bodenkunde 

(Technologie des Bodens) 

Band VIII und IX: Der Kulturboden, seine Charakteristik und die Einteilung 
des Bodens vom I and wirtschat lichen Gesichtspunkt. Die Be- 
stlmmung des Fruchtbarkeitszustandes des Bodens. 

Band X: Die MaBnahmen zur Kultivierung des Bodens. 


VERLAG VON JULIUS SPRINGER / BERLIN 

(In writing to advertisers, please mention the journal—It helps.) 




6 


SOIL SCIENCE 


PRINCIPLES 

OF SOIL MICROBIOLOGY 

By SELMAN A. WAKSMAN 

Associate Professor of Soil Microbiology , Rutgers College , 
and Microbiologist of the New Jersey Agricul¬ 
tural Experiment Station 

Dr. Waksman’s book is the first really comprehensive text book on 
the subject to be published in the English language and the most exhaus¬ 
tive ever published in any language. 

Special Features Include: 

Occurrence and distribution of microorganisms in the soil; methods 
of isolation, cultivation; physiological activities. 

Chemical processes induced and their influence upon plant growth. 
Decomposition of celluloses, proteins, lignins, etc. 

A study of soil as a medium for pathogenic organisms causing plant 
and animal diseases. 

Of interest to soil microbiologists, chemists, physiologists, bacteri¬ 
ologists, agronomists, scientific fanners, foresters. 

Principles of Soil Microbiology is one of those occasional books 
of such wide and general usefulness that everyone who has the least 
interest in the subject should own a copy. Libraries and laboratories 
should have several copies. 

Blue silk Gold stamped 897 pages Illustrations 

Subject and Author Index 


Price, $10.00 

Send your order to: 

THE WILLIAMS & WILKINS COMPANY 

Publishers of Scientific Books and Periodicals 

BALTIMORE, U. S. A. 


(In writing to advertisers, please mention the journal—it helps.) 





SOIL SCIENCE 


Digest of American Agriculture 

Reaching the Vast Purchasing Power of the 100,000,000 Russian Ukrainian and Siberian FARMERS 
Through County Agents, Agricultural Colleges and Experiment Stations, Co-operative Organizations, State Purchas¬ 
ing Agencies, Department of Agriculture in U. S. S. R. 

EDITED BY 
D. N. BORODIN 


A Journal Devoted to Americanization of Russian 
Agriculture. Widely Circulated in the Union of 
Socialist Soviet Republics. An Important Adver¬ 
tising Medium for Those Interested in the Russian 
Market. Advertisements Translated Free of Charge. 

RATES ON APPLICATION 
Published By 

Russian Agricultural Agency in America 


136 Liberty Street, New York, N. Y., U. S. A. 


■SCIENTIFIC AGRICULTURE” COMMERCIAL FERTILIZER 


The only monthly magazine published in 
Canada which deals exclusively with agri¬ 
cultural research, extension, education, 
experimentation, etc. 

Those who wish to keep in touch with the 
work of professional agriculturists in Can¬ 
ada should subscribe to this journal, which 
is now in its ninth volume. 

“Scientific Agriculture” is owned, edited 
and published by the Canadian Society of 
Technical Agriculturists, which was organ¬ 
ized at Ottawa in 1920 and already has over 
1,000 members. 

One volume is issued each year. Each 
issue contains about SO pages. 

Price $8.00 •per year 
SOLD ONLY BY THE PUBLISHERS 

THE CANADIAN SOCIETY OF 
TECHNICAL AGRICULTURISTS 

P. O. Box 626, Ottawa, Canada. 


A trade paper published in the 
heart of the fertilizer industry 

Covering the whole field of the fertilizer in¬ 
dustry from the chemical analysis and manu¬ 
facture to marketing. 

Of particular interest to chemists, agronomists 
and instructors seeking the component of their 
work—the manufacture and sale of commercial 
fertilizers. 

YEAR BOOR containing reports, tabulations, 
names and officers of all fertilizer factories, and 
other valuable information for those interested 
in fertilizers and the allied industries—free 
with year’s subscription. 

SUBSCRIPTION PRICE $2.00 
CANADA $2.50; FOREIGN $3.00 

Commercial Fertilizer 
255 IVY STREET 
ATLANTA, GEORGIA 


(In writing to advertisers, please mention the journal—it helps.') 





8 SOIL SCIENCE 

Watch for This Page in Each Issue, to Keep Informed on New 
Contributions to Fundamental Science 

New and Forthcoming Books 

This List Compiled March 10, 1929 

PUBLISHED SINGE NOVEMBER 1, 1928 

ORGANIC LABORATORY METHODS, by Lassar-Cohn, 
translated by R. E. Oesper $6.50 

Cloth, 6 x 9, xi + 469 pages, 187 illustrations . 

THE KAHN TEST: A Practical Guide, by R. L. Kahn $4.00 
Cloth y 6x9, xii + 201 pages, 36 tables, 7 plaies, bibliography, 
index. 

DE LAMAR LECTURES, 1927-1928, edited by Roscoe 

Hyde $5.00 

Cloth, 6 x 9, ii + 224 pages . 

THE INVERT, by Anomaly $2.00 

Cloth, 4 x6\, xxxii +160 pages . 

LABORATORY MANUAL OF PHYSIOLOGICAL CHEM¬ 
ISTRY, by D. W. Wilson $2.50 

Cloth, 6x9, 272 pages. 

THE HARVEY LECTURES, 1927-1928, SERIES XXIII, edited 
by Phillip D. McMaster $4.00 

Cloth , 5J x 8,280 pages, illustrated. 

BORN THAT WAY, by Johnson O’Connor $6.00 

Cloth, 5 1 x 8, 323 pages, illustrated , index . 

THE STORY OF MODERN PREVENTIVE MEDICINE, 
by Sir Arthur Newsholme $4.00 

Cloth , 5 x7\, xii + 295 pages , 10figures, index. 

PRACTICAL CLINICAL LABORATORY DIAGNOSIS, 3rd 
Edition, by Dr. C. C. Bass and Dr. Foster M. Johns, $7.50 
Cloth, 6x9, xvii + 187 pages, 125 illustrations, 20 plates, ap¬ 
pendix, index. 

FORTHCOMING 

MEDICINE: Its Contribution to Civilization, by Edward B. 

Vedder, to be published about April 4,1929, probable price $5.00. 

STUDIES IN THE HISTORY OF STATISTICAL METHOD, 
by Dr. Helen M. Walker, to be published about April 13, 
price $5.00. 

THE TOXEMIAS OF PREGNANCY, by H. J. Standee, to be 
published about April 16, price $3.00. 

SHIPWAYS TO THE SEA, by E. S. Clowes, to be published 
about May 1,1929, probable price $5.00. 


AGENCIES IN FOREIGN 
COUNTRIES 

B. WESTERMANN CO., INC., 
35-41 Zimmers trasse, Berlin, 
Germany 

THE COMMERCIAL PRESS, 
Paoshan Road, Shanghai, China 

MARUZEN COMPANY, 6 NI- 
honbasbi Tori-Nichome, Tokyo, 
Japan 

B AILLrflRE, TINDALL & COX, 
8 Henrietta Street, Covent Gar¬ 
den, London, W. C. 2, England 

ANGUS & ROBERTSON, LTD., 
89 Castlereagh Street, Sydney, 
Australia 

MEZHDUNARODNAYA 
KNIGA, Kuznetskii Most 18, 
Moscow, U. S. S. R. 

DOMESTIC AGENCIES 

G. E. STECHERT & CO., 31 
E. 10th Street, New York City 

ARTHUR W. ISCA, 210 South 
Seventh Street, Minneapolis, 
Minn. 

J. A. MAJORS COMPANY, 
Medical Arts Building, Dallas, 
Texas 

J. A. MAJORS COMPANY, 1301 
Tulane Ave., New Orleans, La. 

J. W. STACEY, Medical, Seim- 
tific and Reference Books, 228 
Flood Bldg., San Francisco, 
Calif. 

CHICAGO MEDICAL BOOK 
COMPANY, Medical Booksell¬ 
ers , Publishers and Importers, 
Congress and Honore Streets, 
Chicago, Ill. 

TECHNICAL BOOK CO., Under¬ 
wood Bldg., 525 Market St., 
San Francisco, Calif. 

T. H. McKENNA, 124 East 60th 
Street, New York City, N, Y. 

B. WESTERMANN & CO„ 13 
West 46th Street, New York 
City, N. Y. 


THE WILLIAMS & WILKINS COMPANY 

Publishers of Scientific Books and Periodicals 

BALTIMORE, U. S. A. 

(In writing to advertisers, please mention the journal—it helps.) 










SOIL SCIENCE 


UNITED/SEATES 

DISTRIBUTORS 

Of 

POTASH SALTS 
OF ALli GRADES 



DIRECTORY OF FERTILIZER MANUFACTURERS AND DEALERS 


THE AMERICAN AGRICULTURAL 

chemical CO. Steacy & Wilton Company 

Manufacturers of 


Graybar Bldg., 420 Lexington Avenue 
New York City 


“Sterling” Brand Hydrated Lime 


WRIGHTSVILLE 


PENNA, 



ARMOUR’S 

Big Crop Fertilizers 

are 

Standard Products 

They enrich the soil, in¬ 
crease the yield, hasten 
maturity, improve the 
quality. 

Manufactured by 


Company 

Manufacturers of Warner’s 


(Pur* “Cedar Hollow” Hydrated Lime) 
ALSO FINELY PULVERIZED LIMESTONE 


ARMOUR FERTILIZER WORKS Wilm>rlj Del. Phllada., Pa. N. Y. City 

111 West Jackson Blva.» 

Chicago, I1L, U. S. A. 


(In writing to advertisers, please mention the journal—it helps.) 
















2 


SOIL SCIENCE 


SOIL SCIENCE 

Manuscripts submitted for publication and communications concerning editorial 
matters should be sent to Dr. Jacob G. Lipman, New Jersey Agricultural Experiment 
Station, New Brunswick, N. J., U. S. A. 

Correspondence concerning business matters should be addressed to The Williams & 
Wilkins Company, Publishers of Scientific Journals and Books, Mount Royal and 
Guilford Avenues, Baltimore, XJ. S. A. 

Twenty-Jive reprints , without covers of articles will be furnished gratis to contributors 
when ordered in advance. A table giving cost of additional reprints, with an order 
slip, is sent with proof. 

Soil Science is issued monthly. Each issue consists of approximately 85 pages at 
present. Two volumes a year are issued at present. Each volume consists of approxi¬ 
mately 500 pages. 

Volumes begin with the January and July issues, respectively. The subscription 
price is $10.00 for Volumes XXV (Nos. 1-6 inclusive) and XXVI (Nos. 1-6 inclusive) 
January, 1928, to December, 1928, inclusive, United States, Mexico, Cuba. An 
additional charge per volume of 50 cents for subscriptions in other countries.. Back 
volumes are supplied on orders for Vols. I to XIV inclusive, XIX to XXIV incl.— 
$100.00 per set. 

New subscriptions are accepted to begin with the current issue, unless the subscriber 
gives instructions to begin the subscription with some other issue. If the subscriber 
desire, back issues of the current volume may be obtained when in stock. The pub¬ 
lishers do not guarantee to supply back issues, however. 

Renewal subscriptions. To avoid a break in your series, subscriptions should be 
renewed promptly on expiration. Otherwise it may prove impossible for the pub¬ 
lishers to furnish the back issues missed, as only sufficient copies are printed of each 
issue to supply orders in hand. 

Claims for copies lost in the mails must be received within 30 days (domestic), and 90 
days (foreign), of the date of issue. Changes of address must be received at least two 
weeks in advance of issue. 


AGENTS 


For Argentina and Uruguay: Beutelspacher y 
Cia, Sarmiento 815, Buenos Aires. 

For Australia: Stirling & Co., 317 Collins St., 
Melbourne; or G. Jervis Manton, 430 Lit. 
Collins St., Melbourne (and at Sydney and 
Brisbane) 

For the British Empire , except Australia and 
Canada: Bailliere, Tindall & Cox; 8 Henrietta 
Street, Covent Garden, W. C. 2, London. 

For Canada: Wm. Dawson & Sons, Ltd., 87 
Queen Street East, Toronto. 

For China: Commercial Press, Ltd., Paoshan 
Road, Shanghai, China. 


For Denmark: H. Hagerup’s Boghandel, Gothers- 
gade 30, Kjdbenhavn. 

For France: Emile Bougault, 48 Rue des Ecoles, 
Paris. 

For Germany: B. Westermann, Krausenstrasse 
38, Berlin N. W., Germany. 

For Holland: Scheltema & Holkema, Rokin 
74r-76, Amsterdam. 

For Japan and Korea: Maruzen Company, Ltd, 
(Maruzen-Kabushiki-Kaisha), 11 to 16 Nibon- 
bashi Tori-Sanchome, Tokyo; Fukuoka, Osaka, 
Kyoto, and Sendai, Japan. 

For Spain: Ruiz Hermanos, Plaza de Santa Ana. 
13, Madrid. 


THE WILLIAMS & WILKINS COMPANY 


Publishers of Scientific Books and Periodicals 

BALTIMORE. U. S. A. 



Publishers of: Medicine, Journal of Urology, Bulletin of the Johns Hopkim U tueifal, Journal of Pharmacology and Experi¬ 
mental Therapeutics . American Journal of Tropical Medicine, Journal of Immunology , Physical Therapeutics, Journal of Industrial 
Hygiene, Quarterly Review of Biology, Journal of Bacteriology, Annals of the Pickett-Thompson Research Laboratory, Journal of 
Biological Chemistry, Chemical Reviews. Journal of Dairy Science, Soil Science , Social Forces, Personnel Journal, Journal cf Com¬ 
parative Psychology. Comparative Psychology Monographs , Mental Measurement Monographs . Studies in Psychology and 
Psychiatry, Occupational Therapy ana Rehabilitation, American Speech, Childhood Education. 


(In writing to advertisers, please mention the journal—it helps.) 








RUHM’S LIME PHOSPHATE 

THE NEW PRODUCT WHICH 
Properly applied 
Gives Quick First Year Results 
Greatly Superior to the Old Product 
TRIALS ARE INVITED 
Information and samples furnished 

RUHM PHOSPHATE & CHEMICAL CO. 

1066 Jordan Ave. Mt. Pleasant, Tenn. 


FOGS AND CLOUDS 

By 

William J. Humphreys 

Presents a complete introduction 
to lore of the heavens in text and 
illustrations. With more than 90 
cloud and fog scapes. 

$4.00 

THE WILLIAMS & WILKINS CO. 
BALTIMORE, U. S. A. 


Legume 

INOCULANTS 

of 

Exceptional Quality 


SOIL SCIENCE 



A 

MOVING 

PICTURE 

FILM 

Nitrogen 
From 
the Air” 


^PHIS film gives a graphic idea of 
**” the magnitude of the air-nitrogen 
industry. It shows the huge factory 
where nitrogen is captured syntheti¬ 
cally and outlines the steps by which 
some of the synthetic nitrogen prod¬ 
ucts are made. Arrangements for 
using this film may be made by writ¬ 
ing to us at 185 Madison Ave., New 
York, or at 617 Grant Bldg., Atlanta, 
or through Wilson & Geo. Meyer & 
Co., Federal Reserve Bank Bldg., 
San Francisco. 


SYNTHETIC NITROGEN PRODUCTS CORPORATION 
285 Madison Avenue, New York 


ISyNTi HETICJMITROCENl 

i®r 


Leunasalpeter 
Sulfate of Ammonia 
Calurea 


Nitroplioska 
Nitrate of Potash 
Calcium Nitrate 


A Form for Every Need 


Ammonia 


ORGANIC 


“It's Nitrogen 


(In writing to advertisers, please mention the journal—it helps.) 













SOIL SCIENCE 



AMMO-PHOS-KO 

High Analysis Fertiliser 

A MMO-PHOS-KO is now going into 
l its third year of successful use. 

In 1927, approximately 30 demonstra¬ 
tions on equal plant-food basis were 
conducted on potatoes and miscellane¬ 
ous truck crops. The average Ammo- 
Phos-Ko potato yield (all late crop) 
was 173.9 bushels per acre as against 
165.1 bushels from low analysis mate¬ 
rials. 

In 1928, some 70 demonstrations were 
conducted, 37 of which were on potatoes. 
The average yields from the potato dem¬ 
onstrations were: 

Ammo-Phos-Ko, 239.8 bushels per acre 
Low Analysis, 233.6 bushels per acre 

The agricultural value of Ammo- 
Phos-Ko high analysis fertilizer has been 
fully demonstrated. The advantages and 
economies of a tested high analysis fer¬ 
tilizer are obvious. 

AMERICAN CYANAMID COMPANY 

535 Fifth Avenue - - New York 



Cbt writing to advertisers, please mention the journal—it helps.) 







































DETECTION AND SIGNIFICANCE OF MANGANESE DIOXIDE IN 

THE SOIL 

W. 0. ROBINSON 

Bureau of Chemistry and Soils , United States Department of Agriculture 

Received for publication January 4,192 9 

Work on the determination of organic matter in soils by means of hydrogen 
peroxide revealed that a sample of Blakely loam decomposed the hydrogen 
peroxide so rapidly that the organic matter was not destroyed. The soil 
contained an unusual quantity of manganese and had a peculiar, dark brown 
color. Preliminary tests indicated that the Blakely loam and certain lateritic 
soils having a similar color, high manganese content, and high hydrogen 
peroxide activity contained manganese in the dioxide form. 

This study was undertaken to determine whether the hydrogen peroxide 
activity of a soil could be taken as a positive indication of the presence of 
manganese dioxide, and if so, to study the distribution of manganese dioxide 
in some of the soil series. 

PREVIOUS WORK ON THE OCCURRENCE OF MANGANESE DIOXIDE IN SOILS 

Concretions of manganese dioxide have been noted in the soil by Doherty 
(6), Thresh (28), and Helbig (11). Worsham et al. (31) have reported the 
presence of manganese dioxide in the dark colored Davidson Clay in Georgia. 
Manganese dioxide in large quantities has been reported in Hawaiian soils by 
Kelly (13). McGeorge (15) and Johnson (12) have reported further occur¬ 
rences of manganese dioxide in Hawaiian soils. Johnson gives some quanti¬ 
tative data based on the determination of the oxygen evolved on heating the 
soil. Bertrand (2) makes the general statement that manganese occurs in 
the soil in several different forms, including the dioxide. Sharrer (25) has 
shown that there is a correlation between the catalytic power of a soil and the 
manganese and iron content. 

HYDROGEN PEROXIDE TEST FOR MANGANESE DIOXIDE IN THE SOIL 

Platinum black, metallic peroxides, charcoal, chromium trioxide, and manga¬ 
nese dioxide decompose hydrogen peroxide with great energy. Of all these 
substances, manganese dioxide is the only one likely to be of any considerable 
occurrence in soils. 1 

1 It has been stated that ferric oxide will decompose hydrogen peroxide rapidly. Much 
depends upon the samples of ferric oxide used. Many red soils containing as high as 34 per 
cent FejtOj will not decompose hydrogen peroxide rapidly. 

It has been stated also that charcoal is a common constituent of soils. It is only rarely, 
however, that the quantities involved are sufficient to cause rapid decomposition of hydrogen 
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TABLE 1 

Relation between total manganese and capacity cf the soil material to decompose hydrogen peroxide 




TOTAL 


son. 

DEPTH 

MANGA 
NESF as 

RATE OP DECOMPOSITION OP HaOj 



MnO 



inches 

per cent 



0-15 

0.50 

200 cc. in 6 minutes 


15-24 

0.22 

200 cc. in 20 minutes 


24-48 

0.10 

30 cc. in 30 minutes 

No activity 

Blakely loam, Georgia*. 


48—60 

0.03 


60-96 

0.37 

200 cc. in 18 minutes 

* 

96-116 

0.38 

200 cc. in 12 minutes 


0-3 

0.68 

200 cc. in 9 minutes 


3-10 

0.84 

200 cc. in 7.9 minutes 

"Rl^lcftly clay loarrij Georgia. 

10-22 

0.52 

185 cc. in 30 minutes 



22-45 

0.19 

Very little activity 

1 

45-70 

0.17 

Practically no activity 


0-1* 

0.53 

200 cc. in 10 minutes 


14-7 

0.49 

200 cc. in 17 minutes 

Tllalrely clay lo ft im, Georgia.■ 

7-20 

0.33 

200 cc. in 24 minutes 


20-45 

0.15 

30 cc. in 30 minutes 


45-60 

0.53 

200 cc. in 11 minutes 


0-4 

1.20 

200 cc. in 2.9 minutes 

Blakely day loam, Georgia. 

4-3 

1.27 

200 cc. in 2.5 minutes 


3—15 

0.89 

200 cc. in 3.3 minutes 


15-36 

0.50 

200 cc. in 28.0 minutes 


0-3 

0.23 

95 cc. in 30 minutes 


3-6 

0.28 

88 cc. in 30 minutes 

Decatur silt loam, Ala*.« 

6-10 

0.15 

82 cc. in 30 minutes 


10-18 

0.03 

5 cc. in 30 minutes 


18-40 

0.03 

7 cc. in 30 minutes 


40-70 

0.02 

4 cc. in 30 minutes 


0-6 

0.57 

130 cc. in 30 minutes 

Dicklom loam, Philippines.« 

6-36 

0.23 

85 cc. in 30 minutes 


36-48 

0.18 

55 cc. in 30 minutes 


0-4 

0.17 

20 cc. in 30 minutes 

Greenville sandy loam, Alabama*. 

4-48 

0.04 

No activity 


48-78 

2.85 

200 cc. in 1.7 minutes 


k 78-114 

0.03 

No activity 


0-2 

0.09 

Practically no activity 


2-9 

0.05 

Practically no activity 

Greenville sandy loam, Georgia. 

9-40 

0.02 

Practically no activity 


40—52 

0.03 

Practically no activity 


52-55 

1.02 

200 cc. in 21 minutes 


[ 55-70 

0.02 

No activity 


* Analysis for MnO by G. Edgington, Bureau of Chemistry and Soils, U. S. Department of 
Agriculture. 
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TABLE 1 —Continued 




TOTAL 


SOIL 

DEPTH 

MANGA¬ 
NESE AS 

RATE OP DECOMPOSITION OP HaOa 



MnO 




percent 




0.44 

137 cc. in 30 minutes 

Hagerstown loam, Tennessee. 

44-11 

0.37 

110 cc. in 30 minutes 


11-24 

0.27 

80 cc. in 30 minutes 


24-36 

0.34 

50 cc. in 50 minutes 

f 

0-8 

0.80 

200 cc. in 11 minutes 

Lurugan loam, Philippines. \ 

8—36 

0.44 

170 cc. in 30 minutes 

{ 

36-48 

0.43 

little activity 

f 

0-13 

0.12 

30 cc. in 30 minutes 


13-25 

0.13 

35 cc. in 30 minutes 

Marshall silt loam, (Phase of) Kansas... 

25-32 

32-54 

0.16 

0.19 

63 cc. in 30 minutes 

55 cc. in 30 minutes 


54-62 

0.11 

33 cc. in 30 minutes 


62+ 

1.03 

200 cc. in 0.5 minute 


0-8 

0.07 

15 cc. in 30 minutes 


8-14 

0.12 

25 cc. in 30 minutes 

Summit silt loam, Kansas.■ 

14^26 

0.27 

50 cc. in 30 minutes 


26-48 

0.32 

200 cc. in 11 minutes , 


, 48-72 

0.19 

115 cc. in 30 minutes 


The power of a number of soils to decompose hydrogen peroxide and the 
manganese content of these soils have been compared. For this purpose profile 
samples of the soil were taken. One gram of the soil was put in a flask con¬ 
nected with a gas burette, 10 cc. H 2 0 and 10 cc. 30 per cent H 2 0 2 were intro¬ 
duced, and the gas evolved in 30 minutes, or the time necessary to evolve 200 cc. 
was measured. The flask was shaken every minute. The peroxide used was 
Merck’s “Superoxol.” It was only very slightly acid and contained some 
preservative. It was not made neutral or slightly alkaline with NaOH as is 
done in soil studies where the activity of the soil catalase is involved. 

The results of the test, given in table 1, show that high manganese content 
of the soil is associated with high hydrogen peroxide activity. 

The question arises as to what combination of manganese is responsible 
for the very rapid decomposition of the peroxide. From the sandy fractions 
of all the samples given in table 1 which showed a hydrogen peroxide activity 
of 200 cc. in less than 30 minutes, a number of black or dark brown concretions 
could be separated. These concretions would decompose hydrogen peroxide 

peroxide. Of about fifty soils which contained charcoal, only one contained enough to de¬ 
compose hydrogen peroxide rapidly. This soil was from the “charcoal plot” at the Penn¬ 
sylvania experiment station. It contained about 5 per cent charcoal and was once the site 
of a charcoal furnace. 
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vigorously, particularly when finely ground. Further, if small quantities of 
the sandy fractions were scattered loosely on the bottom of a beaker and cov¬ 
ered with dilute H 2 O 2 , the origin of the arising bubbles could invariably be 
traced to the black concretions. Samples of hand picked concretions yielded 
on analysis from 8.28 per cent MnOa in the Scott silt loam to 34 per cent in 
the Blakely loam. These concretions gave off oxygen when heated and caused 
chlorine to be given off from hydrochloric acid. There can be no doubt that 
the concretions were impure manganese dioxide. For the sake of brevity, 
these concretions will be called “manganese concretions.” They commonly 
contain much more ferric oxide and other soil material than they do manga¬ 
nese dioxide. 


TABLE 2 


Relation of total manganese in soil fractions to the power to decompose hydrogen peroxide 


SOIL AND TRACTION 

MnO 

RATE OF DECOMPOSITION 

Blakely loam, 16-24 indies: 

Sand. 

per cent 

0.21 

100 cc. in 30 minutes 

Silt. 

1.23 

200 cc. in 1.5 minutes 

Colloid... 

0.54 

23 cc, in 30 minutes 

Greenville sandy loam, 48-78 inches: 

Sand... 

1.87 

200 cc. in 1.4 minutes 

Silt. 

4.93 

200 cc. in 0.1 minute 

Colloid. 

1.02 

38 cc. in 30 minutes 

Orangeburg fine sandy loam, 10-36 inches: 

Sand... 

0.18 

Very little activity 

55 cc. in 30 minutes 

Silt. 

0.67 

Colloid. 

0.59 

30 cc. in 30 minutes 

Clarksville silt loam: 

Colloid. 

0.37 

30 cc, in 30 minutes 

Manor loam: 

Colloid. 

0.11 

7 cc. in 30 minutes 

Susquehanna clay: 

Colloid. 

0.30 

5 cc. in 30 minutes 

Vega Baja clay loam: 

Colloid... 

0.16 

15 cc. in 30 minutes 



W. H. Fry, of this Bureau, reported that the sands and silts from the Blakely 
and Greenville surface soils contained no silicates or carbonates of manganese 
that could be discovered petrographically by using a reasonable quantity of 
sample. There is very little probability of manganese silicates or carbonates 
being present in such highly weathered soils as the Blakely and Greenville. 
Finely ground manganese silicates do not decompose hydrogen peroxide. 

It seems pretty well established that manganese concretions were responsible 
for the hydrogen peroxide activity of the sandy fractions of the samples given 
ih table 1. Further light might be shed on the problem by studying the 
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manganese content and hydrogen peroxide activity of the sand, silt, and clay 
fractions. These separations were made in the case of three soils. The data 
are given in table 2, together with the data of a number of soil colloids con¬ 
taining considerable manganese. 

The data given in table 2 show that the silt fractions were the highest in 
manganese and the most active in decomposing H 2 O 2 . This is in harmony 
with the studies of McGeorge (15), who found that the silt and very fine sand 
fractions of a number of Hawaiian soils contained the most manganese and 
that the manganese was largely in the form of manganese dioxide. 

It is surprising that the clay, having a relatively enormous surface, and a 
comparatively high manganese content, should be so inactive in decomposing 
hydrogen peroxide. The finer manganese dioxide is ground the more readily 
will it decompose hydrogen peroxide. Very small quantities of finely ground 
manganese dioxide when added to the inactive colloids will make them very 
active in decomposing hydrogen peroxide. We must conclude that the soil col¬ 
loids examined did not contain manganese dioxide. 


TABLE 3 

Exchangeable manganese in fractions of Blakely loam and Greenville sandy loam 


SOIL 

DEPTH 

TRACTION 

EXCHANGEABLE 
MANGANESE AS MnO 

TOTAL MANGANESE 
as MnO 




percent 

per cent 




Sand 

0.046 

0.21 

Blakely loam 



Silt 

0.069 

1.23 




Colloid 

0.410 

0.54 




Sand 

0.042 

1.87 

Greenville sandy 



Silt 

0.075 

4,93 

loam 



Colloid 

0.330 

1.03 


For the purpose of throwing some light on the question of the forms of 
manganese present in the different mechanical soil fractions, the sand, silt, 
and day fractions of the Blakely and Greenville soils were tested for exchange¬ 
able manganese. One gram samples were washed on a filter paper with 250 cc. 
of normal ammonium chloride. The manganese was determined in the filtrate. 
The results of the study are given in table 3. 

The data given in table 3 show that a considerable part of the manganese 
in the colloidal matter is exchangeable while comparatively little of the man¬ 
ganese in the silts and sands is exchangeable. A large part of the manganese 
in the sands and silts seems to be in the form of the dioxide. Since fine grind¬ 
ing of manganese dioxide increases its activity, and the day which is very 
finely divided, contains relatively large quantities of manganese, it is plain 
there can be little manganese dioxide in the day. The fact that the manganese 
in the clay is partly exchangeable and not in the form of manganese dioxide 
would lead to the belief that the manganese in this fraction occurs as a part 
of the basic radical of the absorption complex. 
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QUANTITATIVE ASPECT OF THE HYDROGEN PEROXIDE TEST FOR MANGANESE 

DIOXIDE 

Positive identification of manganese dioxide in the soil is very desirable 
since the occurrence of manganese dioxide seems to be characteristic of certain 
series of soil. The determination should be quantitative, if possible, for there 
is presumably some relation between the quantity of manganese dioxide and 
certain properties of the soil. 

The quantitative methods for the determination of manganese dioxide in 
ores fail, in general, in the case of soils. This is due to the almost universal 
presence of organic matter, ferrous iron minerals, and, occasionally, calcium 
carbonate. The Bunsen method, in which the manganese is estimated 
by measuring the quantity of chlorine liberated by boiling with hydrochloric 
acid, would be accurate were it not for the interference of ferrous iron minerals 
and organic matter and also the apparent very slow liberation of chlorine 
from the boiling soil solution when no manganese dioxide is present. The 
evolution of a considerable quantity of chlorine at the first boiling of the soil 
solution is a positive indication of manganese dioxide. 

Brewer and Carr (3) report some quantitative determinations of manganese 
dioxide in the soil. They modified the Bunsen method (26) by adding mer¬ 
curic oxide to prevent the chlorination of the organic matter. Their results 
on synthetic mixtures of soils and considerable quantities of manganese 
dioxide showed that under these conditions nearly all the manganese added 
could be detected. The results in the case of two soils were 0.16 per cent 
MnOa too low. 

Brewer and Carr recommend a method employing an acid solution of fer¬ 
rous ammonium sulfate to dissolve the manganese dioxide in the soil. They 
recognize two forms of manganese, the easily soluble manganese and manga¬ 
nese dioxide. The easily soluble manganese is determined by digesting with 
1.1 per cent sulfuric acid. The soil is then digested with a mixed solution 
containing 1,1 per cent sulfuric acid and 5 per cent ferrous ammonium sulfate. 
The difference between the manganese dissolved by the mixed solution and 
that dissolved by the 1.1 per cent sulfuric acid is considered to be manga¬ 
nese dioxide. 

Brewer and Carr’s method apparently fails with some soils, particularly 
in soil colloids containing a considerable quantity of manganese. In these 
cases the acid ferrous ammonium sulfate dissolves considerably more manga¬ 
nese than the sulfuric acid solution alone, although manganese dioxide is ap¬ 
parently not present in soil colloids. 

The method employed by Johnson (12) is applicable only to soils free from 
organic matter. In this method the soils are heated to redness, and the 
oxygen evolved during heating is a measure of the quantity of manganese 
dioxide present 

Work with synthetic mixtures of various soils with manganese dioxide has 
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shown that none of the proposed methods are reliable for the deter mina tion 
of manganese in the form of dioxide. Ferrous iron min e rals and organic 
matter may mask as much as as 1 per cent of manganese in methods where the 
chlorine evolved is taken as a measure of manganese dioxide. 

Tests in the foregoing synthetic mixtures have shown the hydrogen peroxide 
test will detect one-tenth per cent of manganese dioxide in soils. With these 
synthetic mixtures the rate at which the peroxide is decomposed is propor¬ 
tional to the quantity of manganese dioxide present. This suggested that 
the test might be quantitative. 

It was first established that the rates of oxygen and heat evolution from a 
mixture of hydrogen peroxide and a soil containing no manganese dioxide but 
much organic matter were negligible compared to the rate of decomposition 
when manganese dioxide was present. This statement seemingly contradicts 
numerous experiments in the measurement of soil catalysis. The conditions 
are different. In soil catalysis experiments reported by May and Gile (18) 
and by Sharrer (25) the hydrogen peroxide is comparatively weak and it is 


TABLE 4 

Time required to reach a maximum temperature and to liberate 1000 cc. oxygen with varying 

quantities of psilomelane 


QUANTITY OP PSILOMELANE 

TIME TO REACH MAXIMUM 
TEMPERATURE 

TIME TO EVOLVE 1000 CC. 

RISE OP CALORIMETER 
CONTENTS 

gm. 

minutes 

minutes 

°C. 

0.10 

230 

62 

27.7 

0.15 

97 

40 

28.0 

0.25 

45 

21 

28.0 


made just barely alkaline with sodium hydroxide. The hydrogen peroxide 
from such a solution is rapidly decomposed by most highly organic soils and 
particularly by partially decayed banana peels. Under these conditions the 
decomposition is rapid in soils containing no manganese dioxide. Loew (14) 
has shown, however, that when strong hydrogen peroxide such as Merck’s 
“Superoxol” is used the catalase is apparently destroyed. “Superoxol,” di¬ 
luted with its own volume of water is neutral to litmus paper. The decom¬ 
position rate of this diluted “Superoxol” by a very fertile garden soil or by 
banana peel is negligible compared to the decomposition rate when manga¬ 
nese dioxide is present. 

To determine the quantitative possibilities of the hydrogen peroxide test, 
varying quantities of fiifely ground psilomelane were mixed with 5 gm. of soil 
showing no reaction with the peroxide and added to 20 cc. 15 per cent hydrogen 
peroxide in an adiabatic calorimeter. The gas and heat given off were meas¬ 
ured and the time noted necessary to reach 1000 cc. gas and the maximum 
temperature. The data are given in table 4. 

The data of table 4 show that the rates of heat and oxygen evolution are 
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dependent upon the quantities of manganese dioxide present. They also 
show that the measure of the rate of oxygen evolution is more practical than 
that of heat evolution. 

If the same conditions were present in soils, particularly as to the extent 
of subdivision of the manganese dioxide, as were present in the experiment 
just described, one would expect that the method might be used to determine 
the quantity of manganese dioxide in the soil. The varying surface, however, 
complicates the case. It has been shown that manganese dioxide occurs in 
the sands and silts only, and not in the clay. With the elimination of the 
clay, the chances for great variation in the surface of any particular percentage 
of manganese dioxide are somewhat restricted. It is hardly to be supposed 
that there will be an equal size distribution of the manganese dioxide particles 
in the sands and silts of various soils. If there is not an even size distribution 
and if the rate at which hydrogen peroxide is decomposed varies very much 


TABLE 5 

Relation between size of psilomelane particles and hydrogen peroxide activity* 


SIZE OF PSILOMELANE PARTICLES 

TIME NECESSARY TO GIVE 1000 CC. 

TIME NECESSARY TO REACH 
MAXIMUM TEMPERATURE 

mm. diameter 

minutes 

minutes 

0.50-0.33 

178 

218 

O.OtorO.Ol 

25 

4.5 

0.01 

Too rapid to measure 

Too rapid to measure 


•For 1 gm. psilomelane. 10 cc. H 2 0 5 and 10 cc. H s O. 


with the size of the manganese dioxide particles, then the method can not be 
used for a quantitative determination of the manganese dioxide present. 

Some experiments on the variation of the rate at which hydrogen peroxide 
is decomposed by various sized particles of manganese dioxide have been 
made. A sample of psilomelane was ground and sieved into three sizes. The 
rates at which 1 gm. of each of the sizes decomposed 20 cc. of 15 per cent 
hydrogen peroxide were measured. The results are given in table 5. 

The data given in table 5 show that the state of subdivision has a great 
deal to do with the rate at which manganese dioxide decomposes hydrogen 
peroxide. The effect of varying the sizes of the manganese dioxide on the 
quantitative value of the hydrogen peroxide activity can be seen by assuming 
that all the manganese dioxide particles in a certain soil A are from 0.50- 
0.33 mm. diameter and in soil B, from 0.084-.01 mm. diameter. Suppose A 
and B give identical rates of decomposition of the hydrogen peroxide solution, 
soil A would have many times more manganese dioxide than soil B. Such 
differences as the above in size distribution are probably extreme and would 
not occur in natural soils. 
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APPROXIMATE METHOD EOR THE DETERMINATION OF MANGANESE DIOXIDE 

IN SOILS 

Johnson (12) has shown that nearly all the manganese in Hawaiian soils 
high in that element, is in the form of manganese dioxide. Our results show 
that the weathered manganese is in two forms in soils containing manganese 
dioxide. A part of it is absorbed by the colloidal complex, the rest is apparently 
in the form of the dioxide in the sands and silts. Manganese dioxide in soils 
is a product of rock decay or rock alteration and if the conditions in the soil 
are such that any manganese dioxide is formed, it is probable that all the 
manganese in the sands and silts would be in the form of the dioxide. Based 
on the above assumptions, two methods are suggested for the determination 
of manganese dioxide in the soil. The hydrogen peroxide test is first used to 
establish the presence of the dioxide. 

The presence of manganese dioxide having been established by the hydrogen 
peroxide test, the soil may be separated into colloidal and non-colloidal frac¬ 
tions and the total manganese determined in the non-colloidal fraction. Ac¬ 
cording to the assumption all the manganese in the sand and silt is in the form 
of the dioxide. The chlorine evolved rapidly by the Bunsen method checked 
fairly well with the total manganese in the sands and silt of the Blakely and 
Greenville soil materials in which much manganese was present. Another 
way would be to determine the total manganese and the exchangeable manga¬ 
nese in the whole soil and the difference should represent the maximum quan¬ 
tity of manganese present as manganese dioxide. Not all the manganese in 
the colloidal matter is exchangeable, it is true, but if the colloidal matter is 
low and the total manganese is high, the error due to this cause is lessened. 
Brewer and Carr’s (3) method is, however, more advisable when the colloidal 
matter has not been separated from the non-colloidal matter. 

There is little probability of manganese existing as a silicate in the sands 
and silts of soils containing manganese dioxide. It has been noted that two 
manganiferous soils did not contain any manganese silicate that could be 
detected petrographically. In general, any soil containing manganese dioxide 
is so thoroughly weathered that there is very little likelihood of any undecom¬ 
posed manganese silicate being present. 

In this work it has been shown that manganese dioxide particles could be 
separated from all soils (about 125 samples) which evolved more than 200 cc. 
oxygen in 30 minutes from a mixture of 1 gm. of finely ground soil, 10 cc. of 
“Superoxol,” and 10 cc. of water. Occasionally a sample giving only slightly 
less than 200 cc. has contained a concretion of impure manganese dioxide. On 
the other hand, an occasional sample has given nearly 200 cc. under like condi¬ 
tion, and from these samples no manganese dioxide could be separated. The 
data shown in table 1 do not indicate a proportionality between the total man¬ 
ganese and the rate of oxygen evolution. Without reasoning in a circle it is 
impossible to tell how the total manganese is divided between the colloid and 
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manganese dioxide. However, the rate of oxygen and heat evolution will 
tell whether there is little, considerable, or a relatively large quantity of 
manganese present as the dioxide. Although the rate of oxygen evolution of 
a synthetic mixture of soil and manganese dioxide is dependent on the quantity 
of manganese dioxide, it has been shown that the rate is dependent upon the 
extent to which the manganese dioxide is subdivided. The size of the manga¬ 
nese dioxide particles in different soils may not vary greatly, but there is too 
much uncertainty to assume that they do not. It seems better, therefore, to 
rely on the hydrogen peroxide test as a qualitative indication of the presence 
of manganese dioxide and determine the total manganese in the sands and 
silts or use Brewer and Carr’s method, knowing that the quantity of dioxide 
shown is somewhat greater than that actually present. 

SOLUTION OF MANGANESE AND DEPOSITION OF MANGANESE DIOXIDE 

Manganese occurs in the lithosphere in very small quantities. Clarke (4) 
gives the average as 0.11 per cent MnO. The numerical average for soils is 
about 0.12 per cent, the range being from less than 0.001 per cent to 1.27 per 
cent in surface soils of the United States. Tropical soils may contain as 
high as 15 per cent. 

Manganese is present in the manganous condition as a minor constituent 
of igneous rocks. When the rock weathers the manganese is released rather 
easily, resembling ferrous iron in this respect (19). 

Manganese is dissolved and transported as manganous bicarbonate (21) 
sometimes to a great distance. Chalybeate waters containing both iron and 
manganese deposit their iron sooner than manganese according to Clarke (4). 
This property, together with the fact that the manganese content of the 
lithosphere is small, possibly accounts for the occurrence of relatively few 
and concentrated deposits of manganese and also for the localized distribution 
of manganese in the soil profile. 

The dissolved manganese in river, spring, and well waters varies greatly. 
It is generally only a trace but reaches as high as 5 to 10 p.p.m. in carbon¬ 
ated waters (4). 

The solubility of manganese carbonate in carbon dioxide waters is given by 
Gmelin-Kraut (10) els 0.130 gm. per liter and by Ageno and Valla (1) as 0.065 
gm. per liter at 25°. According to Roscoe and Schorlemmer (22) manganese 
carbonate dissolves in water saturated with carbon dioxide to the extent of 
0.25 gm. per liter. 

Manganese is particularly susceptible to solution and deposition under soil 
conditions, because of the readiness with which it assumes different states 
of oxidation and the different solubilities of manganous and manganic com¬ 
pounds. When in the manganous state it is soluble to the extent of several 
parts per million in meteoric waters. Manganous salts are more stable under 
atmospheric conditions than are ferrous salts. Manganous manganese exists 
in the colloidal matter of well-drained surface soils even when the reaction 
is only slightly acid. 



MANGANESE DIOXIDE IN SOIL 


345 


Although manganous solutions are more stable than ferrous iron solutions, 
they are readily oxidized by various natural agencies to the insoluble dioxide. 
Murray and Irvine (20) report an example of this oxidation in the Clyde 
River in Scotland. The headwaters contain manganous bicarbonate in solu¬ 
tion. Near the mouth of the river the pebbles near the bank are coated with 
black manganese dioxide, and suspended particles of manganese dioxide may 
be detected in the water. In municipal water supply systems manganese 
bearing waters frequently give trouble by clogging the water mains with 
precipitated manganese dioxide. 

Manganese dioxide is practically insoluble in water. Under certain soil 
conditions it is very stable and the composition of some lateritic soils would 
lead to the belief that manganese dioxide is less soluble than iron and aluminum 
oxides. Although manganese is present in the parent rock in very small 
quantities and iron and aluminum are present in very large quantities, the 
manganese may make up several per cent of the lateritic soil. 

The solibiluty of manganese in the soil is greatly dependent upon the reaction 
of the soil and upon whether oxidizing or reducing conditions prevail. Ru- 
precht and Morse (23) have shown that manganese is one of the easily replace¬ 
able bases, and Mattson (17) has shown that it is replaced most easily when 
the reaction is decidedly acid. This is in line with field experience. Ruprecht 
and Morse (23) found that the manganese was very soluble in certain Mas¬ 
sachusetts plots made acid by the long continued application of ammonium 
sulfate. Kelly and McGeorge (13) show that the manganese is made more 
soluble by heating the soil, particularly when the soil is heated high enough 
to reduce the manganese by the organic matter. In this laboratory it has 
been found that manganese becomes very soluble in water-logged soils. The 
solubility of the manganese in a number of air-dried soils from nearby Mary¬ 
land and Virginia as determined by shaking the air-dried soil with water and 
letting settle over night, was less than one part per million. When the soil 
was submerged in water in a stoppered bottle for several days the soluble 
manganese rose as high as 500 p.p.m. calculated on the weight of the soil. 

The conditions which bring about the precipitation of manganese dioxide, 
though not well known, must be very sharply defined, because very pure 
deposits are found in media containing only traces of manganese. Large 
quantities of manganese nodules are found on the surface of certain deep sea 
deposits. In some soil profiles it is conspicuously absent from some layers 
but occurs in other layers in large quantities. 

Penrose (21) states that manganese replaces calcium in calcium carbonate 
and Murray and Irvine (20) advance this hypothesis to account for the forma¬ 
tion of manganese nodules around caldferous organic remains. 

Weidman (32) reports a pseudomorph of pyrolusite after caldte from 
northern Wisconsin. Here is a clear case of calcium carbonate precipitating 
manganese dioxide. 

If solutions of manganous bicarbonate are percolated through columns of 
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calcium carbonate and the percolation is not continued too long, the manga¬ 
nese is almost quantitatively precipitated. After drying the calcium car¬ 
bonate, dark particles, presumably manganese dioxide, can be detected in 
the mass. These dark particles decomposed hydrogen peroxide energetically. 

Geloso (8) has found that colloidal manganese dioxide has the power to 
adsorb manganous salts. Tillmans, Hirsh, and Haffner (29) describe a process 
for the removal of manganese salts from water supplies. The water is filtered 
through manganese dioxide, which adsorbs the manganous salts, changing 
them into the insoluble dioxide. The formation of manganese concretions 
may be explained in this way. Once a particle of manganese dioxide is 
formed through the replacing of calcium, precipitation by bacteria (7), or any 
other cause, such a particle would continue to grow by adsorbing and fixing 
the manganous salts within its sphere of action. 

In the soil, there are instances where the artificial addition of calcium car¬ 
bonate has precipitated manganese. Schollenberger (24) found a black pre¬ 
cipitate containing manganese on the surface of calcium carbonate particles 
picked out from pots of soil that had recently been limed. On some of the 
limed plots at the Rhode Island station plants suffer chlorosis which is sup¬ 
posed to be due in this case to lack of manganese (9). The precipitation and 
change of the exchangeable manganese to the insoluble dioxide would seem 
to be the explanation of this phenomenon. According to Truog (30) Masoni 
(16), Ruprecht and Morse (23), and Funchess (7), liming the soil makes the 
manganese insoluble or nearly so. 

In the development of some soil profiles there has been a concentration of 
manganese in certain horizons. As a general rule, manganese is highest in 
the surface soil. It reaches a minimum in the B horizon and generally in¬ 
creases in the C horizon. Oxidation would favor the precipitation of manga¬ 
nese but in most soils manganese dioxide is not present. The manganese is 
possibly concentrated in the surface soil through the agency of plants. In 
many soils containing a layer of calcium carbonate below the surface, deposits 
of manganese dioxide are found just above the layer containing calcium 
carbonate. These deposits occur as well-defined concretions, as leaf-like de¬ 
posits in soil cracks, and as a loose black powder in cavities formerly filled by 
calcium carbonate. 

There is an interesting relation between the total manganese and the re¬ 
action of the horizons in soil profiles containing manganese dioxide. These 
relations are given for a few profiles in table 6. 

The Blakely series in which manganese dioxide is present in the surface 
soil shows a correlation between the total manganese and the pH. In those 
soils the pH and percentage of manganese pass through a minimum in the B 
horizon and no manganese dioxide is found in the B horizon. A number of 
profile samples show the lack of manganese dioxide in the B horizon, but only 
two profiles, those shown in the table, extend into the C horizon. The Blakely 
series was originally formed from limestone but is deeply weathered and there 
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is no calcium carbonate in the soil profile. The results with the Blakely 
indicate that manganese dioxide is dissolved in the soil when the pH is be¬ 
low S.O or 5.2. 


TABLE 6 

Showing the relation between total manganese and pH in the soil material of certain profiles 


SOIL SERIES 

son, 

NUMBER 

DEPTH 

MnO 

pH* 



inches 

percent 



30213 

0-15 


6.07 


30214 

15-24 

1 0.224 

6.45 

Blakely day loam, Daugherty Co., Ga.- 

30215 

24-48 


5.13 


30216 

48-60 

WXSm 

5.50 


30217 

60-96 

0.367 

7.35 


30218 

96-116 

0.383 

7.55 


32457 

0-1J 

0.53 

6.87 


32458 

1J-7 

0.49 

5.37 

Blakely day loam, Early Co., Ga. 

32459 

32460 

7-20 

20-45 

0.33 

0.15 

5.33 

4.94 



32461 

45-60 

0.53 

5.06 


258214 

0-i 


7.00 

Blakdy day loam, Randolph Co., Ga. 

258215 

J-3 

1.27 

6.50 


258216 

3-15 

0.89 

5.88 


258217 

15-36 


5.34 

’ 

3821A 

0-9 

0.03 

5.15 


B 

9-14 


5.13 

Labette silty day loam, Crawford Co., Kan.., .< 

C 

D 

14-25 

25-35 

0.35 

0.30 

5.03 

5.19 


E 

35-44 


6.45 


F 

44-60 


7.75 


3819A 

0-13 

0.12 

5.88 


B 

13-25 

0.13 

6,00 

Marshall silt loam, Doniphan Co., Kan. 

C 

25-32 

0.16 

6.09 


D 

32-54 

0.19 

6.36 


E 

54-62 

0.11 

7.80 

» 

F 

62+ 


7.79 


* The pH determinations were made by E. H. Bailey of this Bureau. 


The results on the Labette sample show that manganese has been carried 
down from the add surface, but the predpitation apparently takes place in 
an add horizon. 

Well-defined manganese concretions occur in the Hockley and Edna silt 
loams in Victoria County, Texas. The concretions are found just above the 
carbonate layer, which is about 4 feet deep. The pH of the surface layers is 
about 6, rising to 7 and 8 where the concretions occur. 
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The Miami series, Miami County, Indiana, occasionally but not always 
show a few scale-like precipitates or soft concretions of manganese dioxide 3 
or 4 feet below the surface. In this series the pH varies in the surface layers 
from 4 to 6 and reaches about 8 in the layer where the manganese occurs. 
Conrey and Schollenberger’s (5) data show a similar correlation between man¬ 
ganese content and pH in the Clermont silt loam in Clermont County, Ohio. 

SIGNIFICANCE OF MANGANESE DIOXIDE IN THE SOIL 

Soils which have manganese dioxide in the A horizon have distinctive proper¬ 
ties. They are rather sharply defined from contiguous soils containing no 
manganese dioxide. The color, a peculiar chocolate brown, is distinctive and 
unmistakable. The soil is loose, friable, well-drained, and in Hawaii generally 
contains less clay than adjoining soils (13). Pineapple plants growing on 
soils high in manganese dioxide frequently show chlorosis and many other 
plants do not develop normally on these soils. In our southern states, how¬ 
ever, the Blakely soils, which are characterized by the manganese dioxide 
they contain, are markedly fertile. 

Worsham et al. (31) have reported the presence of manganese dioxide in 
the “push land,” a phase of the Davidson clay in Georgia. A great number 
of soils were tested for the presence of manganese dioxide with hydrogen 
peroxide. 2 All surface soils showing the presence of manganese dioxide had 
a peculiar chocolate brown color. These surface soils were confined to a very 
few series. Of these the Blakely series in Georgia and Alabama stood out 
prominently. It was found that this laboratory test would distinguish the 
Blakely from the contiguous Greenville and Orangeburg series. Some samples 
of the Davidson and Decatur surface soils gave the test. Lateritic soils from 
the Philippines, East Indies, and Cuba showed the presence of manganese 
dioxide in the surface soil. 

Scale-like deposits and occasional concretions of manganese dioxide are oc¬ 
casionally found just above the horizon which contains limestone, as in the 
Fox, Miami, Bellefontaine, Clermont, Fillmore, and Vigo series. In general, 
however, the soil material in this particular horizon of the series as noted above 
does not give a positive test for manganese dioxide. 

Well-defined concretions containing manganese dioxide occur in the lower 
horizons of the Hockley and Edna series in Texas and in the Scott series in 
Nebraska. These concretions occur just above the profile containing cal¬ 
cium carbonate. 

In a phase of the Marshall silt loam in Troy, Kansas, 5 feet below the surface, 
manganese dioxide was present as a black, loose powder in cavities where 
limestone had been leached out. 

Two profiles of the Greenville series showed relatively rich concentrations 
of manganese dioxide from 4 to 6 feet below the surface. The dioxide was 

•Through the cooperation of Mark Baldwin, H. H. Bennett, W. T. Carter, W. E. Hearn, 
T. D. Rice, R. S. Roberts, and W. E. Tharp of the Soil Survey. 
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not present in well-defined concretions. One horizon contained 2.85 per cent 
MnO, whereas horizons just above and below contained only 0.03 per cent 
MnO. No calcium carbonate appears in the lower horizons of this series, but 
the series is considered as being derived from limestone and the precipitation 
of the manganese dioxide was probably caused by calcium carbonate. 

Manganese concretions are found in the upper part of the Decatur profiles 
in northern Alabama. In the Shelbyville series in Kentucky, soft manganese 
concretions in the upper part of the C horizon are a characteristic feature of 
the series. 

Two rough analyses of the colloidal matter from the Blakely series show a 
Si0 2 . 

A] 2 o 3 + Fe 2 0 3 rat10 °* ^S^tly less than 0.8. The analyses of lateritic soils 

SiO 

containing manganese dioxide indicate a low 777 :— , 2 —■ - ratio in the col- 

AI2O3 + FeaOs 

loidal matter. A low silica-alumina-iron ratio is undoubtedly a characteristic 
of the colloidal matter in surface soils containing manganese dioxide. 


SUMMARY 

The presence of a small quantity of manganese dioxide in the soil causes 
the soil to decompose hydrogen peroxide so vigorously that the presence of 
manganese dioxide in the soil can be established by the hydrogen peroxide 
test. The test is not recommended for a quantitative determination of man¬ 
ganese dioxide, on account of probable differences to be found in the sizes of 
the manganese dioxide particles in different soils. 

Manganese dioxide does not occur in the clay or colloidal fractions of soil. 
It occurs in the sands, but to a greater extent in the silt fraction. The deter¬ 
mination of the total manganese in the silts and sands is an approximate 
determination of the manganese dioxide in the whole soil. 

Concretionary and other deposits of manganese dioxide in the soil are ap¬ 
parently formed through the agency of calcium carbonate. 

The presence of manganese dioxide in the surface layers of soil is charac¬ 
teristic of certain soil series. These soils are characterized by a peculiar and 
unmistakable chocolate brown color. 
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AN EFFICIENT SOIL TUBE JACK 

C. A. TAYLOR and HARRY F. BLANEY 
Bureau of Public Roads, United. States Department of Agriculture 
Received for publication January 16,1929 

During the past year the authors 1 have been conducting soil moisture studies 
is southern California, which require soil samples taken at 1-foot intervals to 
a depth of 18 feet. The success of the investigation depends upon the speed 
and economy with which a large number of samples can be obtained. 

For the purpose of pulling the soil tubes, which are driven into the ground 
with a 30-pound hammer, a new type of jack was designed and perfected. 2 
This jack is light and simply made, and is extremely effective in its operation. 
The manner of its operation is shown in plate 1. Figure 1 shows the soil tube, 
the jack when first placed in position, the hammer used in driving the tube, 
and the grip. Figure 2 shows the grip as first placed around the tube. Figure 
3 shows the grip as it has been tightened around the tube and the jack in posi¬ 
tion for raising the tube. 

The hinged grip which fits around the soil tube has a conical outer face. 
With this, two rollers fitted on prongs of the lever arm are in contact when 
the jack is operated. Force applied downward on the handle moves the two 
rollers upward along the face of the cone, causing the grip to take hold and 
draw the soil tube out of the ground. When pressure on the handle is released, 
the springs at the end of the forks return the lever arm to its original posi¬ 
tion. At the same time, the grip slips down the tube of its own weight since 
the pressure on its conical face is released. The base of the fulcrum has an 
area of 120 square inches, giving ample bearing surface on the ground. For 
the sake of lightness the base is made of cast aluminum and the complete jack 
with handle and grip weighs less than 23 pounds. 

When the apparatus is in its ordinary position, a force of ISO pounds applied 
30 inches out on the handle gives a pulling effort of 1,800 pounds on the soil 
tube. This effort may be changed at will by applying the force on the handle 
at different positions or by moving the base so that the distance from the 
fulcrum of the point of contact of rollers and cone is varied. 

Two of these jacks have been in operation for the past six months and have 
been put to severe tests, pulling tubes out of loose gravelly sand and also from 

1 Under the supervision of W. W. McLaughlin, Associate Chief of the Division of Agri¬ 
cultural Engineering, Bureau of Public Roads, United States Department of Agriculture, 
* In codperation with H. E. Twomley, designing draftsman of the Parker Machine Works, 
Riverside, California. 
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tight dry day. In several cases, the pu ll i ng effort on the soil tube was esti¬ 
mated to be over 4,000 pounds. The jacks have pulled tubes wherever it 
was possible to drive them with 30-pound hammers. Jacks of this type 
cost $30 each. 


PLATE 1 

Fro. 1. First Position or Jack, Hammer, and Grip 
Fig. 2. Grip as First Placed Around the Tube 
Fig. 3. Jack in Position por Raising Tube 





SOME INFLUENCES OF THE DEVELOPMENT OF HIGHER PLANTS 
UPON THE MICROORGANISMS IN THE SOIL; II. INFLUENCE 
OF THE STAGE OF PLANT GROWTH UPON ABUNDANCE OF 
ORGANISMS 

ROBERT L. STARKEY 
New Jersey Agricultural Experiment Station 

Received for publication January 22, 1929 

The introductory material presented in the preceding report (2) demon¬ 
strates that development of plant roots leads to marked modification of the 
biological condition of the soil near the developing roots. This modification 
appears in the greater abundance of all groups of the microorganisms studied 
and also in the evolution of carbon dioxide from the soil. These results indi¬ 
cate merely that the modification of* the soil population was apparent at the 
particular period of plant growth at which the studies were made. They give 
no idea as to whether the effects are the same throughout the growth of the 
plants or at what periods of plant growth the most marked effects may appear* 
Smith (1) observed that the growth of legumes increases the numbers of B. 
radiobacter beginning the third week and extending some weeks after harvest¬ 
ing the crop. Wilson and Lyon (3) grew pure cultures of organisms in soils in 
the presence and absence of plant growth. Although the results indicated 
that the numbers of bacteria are greater under plant growth, there was little 
to indicate that there is any consistent difference in the extent of the influence 
of the plants upon the organisms at different stages of plant development. 1 

The following studies were planned with the object of determining more 
conclusively the extent of the influences of different plants upon the soil popu¬ 
lation and particularly what differences might be exerted by the plants at dif¬ 
ferent stages of growth. 


EXPERIMENTAL PROCEDURE 

The experimental studies were conducted upon soils in the greenhouse and 
in the field. The soil used for the greenhouse work was a fairly heavy add soil 
(pH 5.S) being a natural mixture of Penn loam and Sassafras loam. This 
proved to be too heavy for best results. Although there was fairly good 
growth of most of the experimental plants, com failed to make normal develop¬ 
ment. The plants used in the greenhouse studies were:, oats, beans, rape, 
table beets, and sweet dover,. Such plants were selected as would show a 

1 An extensive historical introduction to this subject may be found in part I of this 
series (2). 
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variety of characteristics of root development: fibrous roots, fleshy roots, tap 
roots, spreading roots, annuals, and biennials. There were 36 pots of soil 
involved in these studies, 6 planted to each of the five plants used and 6 left 
unplanted. Each pot contained 20 pounds of soil. 

At each period of sampling, one pot of soil growing each of the plants and 
one unplanted pot of soil were used. The tops of the plants were harvested, 
the soil was then removed from the pots, the roots were separated as completely 
as possible from the soil, and then samples of the soil were passed through a 
3 mm. sieve and brought to the laboratory for examination. 

The legumes were inoculated at the time of planting. After all of the plants 
were well started they were thinned out to leave ten plants in each pot of oats, 
rape, and sweet clover; nine of beets; and six of beans. 

The soils were kept close to the optimum moisture content throughout the 
experiment. Weeds were removed from the soil as they made their appear¬ 
ance. Since the soils were deficient in available nitrogen at the first period of 
sampling (36 days after planting) 2 gm. of sodium nitrate was added to each 
of the pots of soil except those supporting legumes. 

The field studies were conducted upon a Sassafras loam soil of neutral 
reaction. The physical condition of this soil was good and brought about 
excellent development of all the plants which were used. The plants used 
in the greenhouse studies (oats, beans, rape, table beets, and sweet clover) 
were also used in the field and, in addition, potatoes, field com, and mangel 
beets. Because the sweet clover was planted somewhat later than the other 
plants, differences will appear in the results in the recorded age of the sweet 
clover at the periods of sampling as compared with the other plants. The 
legumes were inoculated at the time of planting. 

After the plants showed fair development they were thinned out sufficiently 
to prevent crowding. Throughout the season, weeds were eliminated by pull¬ 
ing by hand. One portion of the plot was left unplanted but otherwise treated 
identically as the planted soils. This unplanted section was used as a source 
of samples of soil supporting no plant development for comparison with 
samples of soil collected from about the roots of the various plants. In sam¬ 
pling the soils, the plants were carefully removed with some soil clinging to the 
roots. The soil was removed from the roots and samples were passed through a 
3-mm. sieve and brought to the laboratory for study. Records were kept of 
the vigor and stage of growth of the plants as well as of the weights of the tops 
and root systems at each period of sampling. 

The soils collected from the implanted section and from the roots of the. 
plants were examined for the abundance of filamentous fungi, actinomyces, 
bacteria developing upon albumin agar, organisms developing upon nitrogen- 
free mannite agar, and mucoid colonies (3. radiobacier) developing upon nitro¬ 
gen-free mannite agar as outlined in the preceding report (2). The abundance 
of B. radiobacier was also determined by plating the soils upon glycerol-nitrate- 
soil extract agar as suggested by Smith (1). This method was slightly modified 
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in that just before pouring the plates, the crystal violet was added to the melted 
agar (in 300 cc. portions in 500 cc. Erlenmeyer flasks) in such amounts as to 
create a concentration of 1 part of dye to 100,000 parts of medium. Smith 
added the dye to the soil suspensions before adding them to the plates. An 
attempt was also made to determine the abundance of nitrogen fixing organ¬ 
isms. This involved the introduction of 1-cc, portions of dilutions of the soils 

TABLE i 

Influence of development of higher plants upon abundance of bacteria (1/1,000,000) 


Field soils 


turn 

AGE OI PLANT DEVELOPMENT 

AVERAGE 

OP all 
periods 

44 days 

63 days 

86 days 

138|days 

173 days 

Fallow... 

34.2 

14.6 

30.4 

19.8 

17.0 

23.2 

Oats. 

33.6 

42.0 

88.0 

34.6 

29.2 

45.5 

Com. 

40.4 

29.8 

42.6 

48.0 

37.0 

39.6 

Beans. 

26.7 

26.0 

47.8 

51.8 

42.8 

39.0 

Potatoes. 

36.0 

23.4 

38.0 

21.3 

14.8 

26.7 

Table beets. 

37.2 

22.6 

60.4 

41.4 

47.8 

41.9 

Mangel beets. 

44.7 

38.4 

48.0 

48.6 

51.8 

46.3 

Rape. 

71.2 

46.8 

43.6 

69.4 

88.4 

63.9 

Sweet clover*. 

34.8 

27.2 

29.2 

3*3.0 

50.2 

34.9 


Greenhouse soils 


PLANT 

AGE OP PLANT DEVELOPMENT 

AVSKAGZ 
OF ALL 
PERIODS 

‘36 days 

59 days 

93 days 

128 days 

169 days 

202 days 

Fallow. 

28.3 

34.6 

19.3 

21.4 

17.4 

9.0 

21.7 

Oats. 

30.8 

20.5 

31.2 

50.0 

36.2 

31.4 

33.4 

Beans. 

36.6 

45.3 

22.0 

28.2 

15.8 

12.4 

26.7 

Beets. 

26.5 

57.5 

19.8 

31.7 

42.0 

13.6 

31.9 

Rape. 

21.8 

93.7 

46.5 

157.6 

24.6 

19.6 

60.6 

Sweet clover.... 

35.4 

36.8 

36.0 

21.8 

29.0 

9.8 

28.1 


* For sweet clover the sampling periods are 25,44,67,119, and 154 days. 


in duplicate into flasks containing 100-cc. portions of nitrogen-free dextrose 
solutions. Similar determinations conducted in mannite solutions indicated 
the presence of much smaller numbers than did the dextrose medium. Records 
were kept of the dilutions which resulted in fixation of nitrogen and those from 
which no fixation occurred after 30 days. 

EXPERIMENTAL RESULTS 
Numbers of bacteria 

Table 1 and figure 1 indicate the results of the enumeration of bacteria. 
In the table the results of both the field and greenhouse study are included; 
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only the field results are presented graphically since the two sets of data are 
much the same. The plant growth was so much more vigorous and normal 
in the field that the results from studies of these plants should be much more 
characteristic than those of the greenhouse plants. In the greenhouse all of 
the plants except the oats became quite stunted during the last periods of the 
extended study. It is also apparent that, in soils kept for long intervals, 
soluble salts may accumulate to concentrations far greater than would occur 
in the field in humid regions. 

In the figure, the unshaded columns extending below the zero line represent 
the abundance of bacteria in the fallow soil. The black columns represent 
the abundance of bacteria in the soil obtained from the rhizosphere of the 
various plants. Since the black columns extend below the zero line to the point 
of the unshaded columns any extension of the black columns above the zero 
line represents the detection of greater numbers of bacteria in the planted 
soil. Likewise, if the black columns do not extent to the zero line it indicates 
that the numbers found in the planted soil were smaller than those found in the 
unplanted soil. 

Since most of the black columns extend above the zero line it is apparent 
that the development of higher plants has in practically all cases increased 
the abundance of bacteria which are detected by this plate method. In some 
cases the increases are much more pronounced than in other instances. More 
than this, there are certain differences which may be ascribed to the difference 
in type of development of the various plants and, further, some of these variar 
tions may be correlated with the stages of growth of any one plant. It is to 
be expected that plants showing such a variety of growth characteristics 
(fibrous and fleshy roots, tubers, annuals, biennials, legumes, and non-legumes) 
would affect the soil population differently. In general, these results show that 
the influences of most of the plants are not great in the early stages of plant 
growth and that the maximum effects generally appear only after the plants 
have attained considerable size, have reached the height of vegetative growth, 
bloomed, or started vegetative degeneration. Subsequent to the death of the 
plants there is generally a pronounced decline in the abundance of bacteria. 

The letters written above the columns on the figure indicate the stages of 
plant development at the different periods of sampling the soils (B — blooming, 
V —height of vegetative development, Dg —initial degeneration, D —death). 

Under the potatoes which mature and die within a short period of time there 
is a marked increase in numbers after the early stage of growth and pro¬ 
nounced decline subsequent to maturity and death of the plants. A s im il ar 
striking change is observed under the oats. With the com and beans the 
decline after death is not as apparent since the plants were killed by frost just 
before the last sampling and the interval between death and sampling was too 
short for the biological activities to drop to a low level. The biennials show a 
very marked effect upon the organisms even at the last periods of sampling. At 
this time these plants were in active development while the annuals were all 
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dead. This difference between the annuals and biennials does not appear to 
be as striking with the greenhouse soils as with the field soils, presumably be¬ 
cause of the degenerated condition of all the plants in the greenhouse at the late 
periods. 

This periodic influence of the plants may logically be considered as being cor¬ 
related with the periods of youthful root development accompanied by little 

TABLE 2 

Influence of development of higher plants upon abundance of organisms developing upon 
nitrogen-free mannite agar (1/1,000,000) 


Field soils 


PLANT 

AGE OF PLANT DEVELOPMENT 

AVERAGE 

44 days 

63 days 

86 days 

138 days 

173 days 

OF ALL 
PERIODS 

Fallow. 

33.3 

26.2 

17.8 

8.0 

12.2 

19.5 

Oats. 

28.6 

44.2 

52.6 

13.6 

BTmil 

30.8 

Com. 

39.0 

34.8 

34.6 

23.2 

21.0 

30.5 

Beans. 

39.8 

31.2 

33.6 

25.4 

30.4 

32.1 

Potatoes. 

31.0 

42.8 

29.8 

13.0 

15.8 

26.5 

Table beets. 

45.4 

31.5 

KV1 

19.8 

32.2 

35.6 

Mangel beets... 

65.8 

38.8 

36.6 

22.8 

34.4 

39.7 

Rape. 

81.2 

70.8 

46.8 

18.6 

45.4 

52.6 

Sweet clover*. 

35.7 

33.4 


16.4 

23.2 

26.9 


Greenhouse soils 


PLANT 

AGE OF PLANT DEVELOPMENT 

AVERAGE 
OF ALL 
PERIODS 

36 days 






Fallow.. 

13.8 

14.0 

6.4 

5.0 

9.4 

11.0 

9.9 

Oats. 

21.0 

14.0 

19.4 

28.4 

23.6 

30.2 

22.8 

Beans. 

29.8 

30.0 

12.8 

19.4 

12.4 

14.3 

19.8 

Beets. 

16.3 

21.2 

9.2 

*27.4 

21.4 

23.3 

19.8 

Rape. 

20.0 

49.8 

19.0 

105.4 

15.6 

23.2 

72.2 

Sweet clover. 

26.6 

32.2 

17.6 

21.0 

17.4 

16.6 

21.6 


* For sweet clover the sampling periods are 25,44, 67,119, and 154 days. 


root excretion of microbial foods, of periods of active root excretion of con¬ 
siderable amounts of material available to the microorganisms as food, and 
finally of root degeneration and death with only the more resistant materials 
becoming available to the microorganisms with no further replacement of these 
substances by the plant. 

It may be noted that there appears to be a general tendency for the bacteria 
in the unplanted soils to decrease throughout the period of study. This 
might be expected since, in a fallow soil, the readily decomposable organic 
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matter is becoming continuously depleted and microbial foods are consequently 
less abundant. The marked effect of rape upon the bacteria is particularly 
striking and appears also in the studies of the other groups of organisms, as 
will be seen in the following pages. It is equally apparent that there is little 
correlation between the sizes of the plants and their effects upon the bacteria 
since the oats exerted greater effects than the field corn, and the beans produced 

TABLE 3 

Influence of development of higher plants upon abundance of B. radiobacter group developing upon 
nitrogen-free mannite agar ( 1/100,000 ) 

Field soils 


PLANT 

AGE OF PLANT DEVELOPMENT 

AVERAGE 
OF ALL 
PERIODS 

44 days 

63 days 

86 days 

138 days 

173 days 

Fallow. 

9.8 

9.4 

3.8 

1.0 

3.4 

5.5 

Oats. 

6.6 

31.4 

19.2 

2.6 

7.0 

13.4 

Com.. 

12.8 

18.4 

8.0 

3.8 

8.6 

10.3 

Beans... 

13.6 

15.0 

6.8 

9.0 

14.0 

11.7 

Potatoes. 

11.2 

11.4 

5.2 

2.2 

5.8 

7.2 

Table beets. 


10.4 

12,0 

3.2 

10.6 

9.3 

Mangel beets. 


17.2 

9.0 

7.8 

14.8 

13.9 

Rape. 

31.8 

27.0 

11.6 

8.4 

12.0 

18.2 

Sweet clover*. 

7.2 

16.6 


3.6 

12.4 

9.4 


Greenhouse soils 


PLANT 

AGE OF PLANT DEVELOPMENT 

AVERAGE 
OF ALL 
PERIODS 

36 days 

59 days 

93 days 

128 days 

169 days 

202 days 

Fallow. 

8.8 

5.4 

3.4 

1.4 


2.4 

3.7 

Oats. 

16.2 

1 O .5 

16.0 

9.8 


21.2 

15.0 

Beans. 

21.0 

19.6 

16.5 

10.2 



13.7 

Beets.,. 

8.6 

12.3 

6.4 

8.3 

8.0 

7.0 

8.4 

Rape. 

15.4 

20.0 

17.3 

10.0 

9.3 


13.6 

Sweet clover. 

17.4 

16.5 

12.0 

10.8 

10.2 


12.1 


* For sweet clover the sampling periods are 25,44,67,119, and 154 days. 


effects comparable to the com. These three plants differed very greatly in 
amounts of root systems, vegetative growth, and seed development. 

Colonies on mannite 

The influences of plant development upon the abundance of organisms 
which grow on nitrogen-free mannite agar are shown in table 2 and figure 2. 
The organisms developing upon this medium are much the same as those ap¬ 
pearing upon the albumin agar and, as might be expected, they manifest much 
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the same responses to plant development. These responses appear in the rela¬ 
tively low numbers of organisms at early stages of plant growth (except with 
the mangel beets and rape), maximum numbers in most cases at advanced 
periods of plant growth, depression in numbers subsequent to death of the 
plants, relatively high numbers at advanced periods in growth of biennials as 
compared with annuals and, in all observations, much greater numbers of or- 

TABLE4 

Influence of development of higher plants upon abundance of B. radiobacter group developing upon 

glycerol-nitraie agar {1/10,000) 


Field soils 


PLANT 

AGE OP DEVELOPMENT 

average 

44 days 

63 day* 

86 days 

138 days 

173 days 

op all 

PERIODS 

Fallow . 

5.4 

9.2 

9.0 

3.2 

4.2 

6.2 

Oats... 

7.8 


63.2 

8.6 

6.7 

32.9 

Com... 

6.8 

wwl 

31.8 

33.4 

9.6 

20.4 

Beans. 

19,8 

25.4 

44.0 

3.6 

16.4 

21.8 

Potatoes. 

7.8 

9.8 

53.4 

12.0 

5.0 

17.6 

Table beets. 

8.4 

IS.4 

35.6 

21.8 

13.8 

19.0 

Mangel beets... 

14.0 


31.6 

40.0 

14.0 

32.7 

Rape. 

466.0 

■SUl 

63.6 

51.2 

36.4 

140.6 

......• • < • ■ 

Sweet clover*. 

11.4 

20.0 

19.0 

6.2 

28.2 

17.0 


Greenhouse soils 


PLANT 

AOE OP DEVELOPMENT 

AVERAGE 
OP ALL 
PERIODS 

1 

59 days 

93 days 

128 days 

169 days 

202 days 

Fallow. 


9.0 

1.2 

1.0 

0.4 

5.3 

Oats. 

6.0 

13.3 

6.2 

48.2 

18.8 

18.5 

Beans... 

36.6 

20.6 

51.2 

9.2 

8.4 

25.2 

Beets. 

13.8 

8.6 

10.8 

2.8 

8.4 

8.9 

Rape. 

31.0 

22.4 

27.4 

2.6 

3.2 

17.3 

Sweet clover. 

17.4 

i 

13.6 

24,6 

18.4 

4.6 

15.7 


* For sweet clover the sampling periods are 25,44,67,119, and 154 days. 


ganisms in soils near plant roots as compared with the abundance in unplanted 
soils. As with the bacterial counts, the numbers of the organisms show a pro¬ 
gressive decrease in the unplanted soil as time elapses. There is a striking 
difference in the influences of the different plants upon the organisms; the 
most marked effect appears under the rape and the most transitory effect un¬ 
der potatoes. The explanation for these apparently characteristic effects of 
different plants still remains to be determined. 






























1.000'OT 





















366 


ROBERT L. STARKEY 


B. radiobacter group developing upon mannite 

As seen by table 3 and figure 3, the organisms producing mucoid colonies 
upon nitrogen-free mannite agar (B. radiobacter group) also increased about 
the plant roots. In fact the proportional increases are somewhat greater 
than appeared in the organisms previously considered. The oats and rape 
showed the most pronounced increase. The potatoes showed comparatively 
slight influence upon this group of organisms at any stage of growth. The 

TABLE 5 

Influence of development of higher plants upon abundance of actinomyces (1/1,000,000) 

Field soils 


PLANT 

AOS OF PLANT DEVELOPMENT 

AVERAGE 

44diys 

63 days 

36 days 

138 days 

173 days 

OP ALL 
PERIODS 

Fallow. 

12.8 

7.0 

12.0 

7.4 

10.2 

9.9 

Oats. 

10.8 

6.4 

10.0 

10.6 

10.8 

9.7 

Com. 

11.6 

7.6 

11.0 

13.0 

8.0 

10.2 

Beans. 

14.3 

8.2 

15.4 

11.0 

10.4 

11.9 

Potatoes. 

9.7 

10.0 

11.2 

14.0 

10.0 

11.0 

Table beets. 

10.3 

9.0 

17.0 

12.3 

14.2 

12.6 

Mangel beets. 

19.0 

9.0 

16.2 

11.2 

17.2 

14.5 

Rape... 

12.0 

11.5 

9.2 

9.8 

10.8 

10.7 

Sweet clover*. 

10.0 

10.0 

13.3 

8.0 

12.0 

10.7 


Greenhouse soils 


PLANT 

AGE OP PLANT DEVELOPMENT 

AVERAGE 
OP ALL 
PERIODS 

36 days 

S9 days 

93 days 

128 days 

169 days 

202 days 

Fallow. 

5.5 

7.0 


5.8 

3.0 


4.9 

Oats. 

4.6 

3.8 


6.4 

4.8 


5.1 

Beans. 

6.0 

8.3 


6.8 

5.8 


6.2 

Beets. 

5.0 

7.5 

4.8 

4.8 

4.2 

4.6 ! 

5.2 

Rape. 

5.0 

16.8 

7.5 ! 

11.6 

4.8 

5.4 

8.5 

Sweet clover. 

7.4 

■HI 

8.0 

7.6 

i 

3.8 4 

4.0 

6.3 


* For sweet clover the sampling periods are 25,44,67,119, and 154 days. 


beans showed an unusually pronounced effect upon these organisms at the 
final stages of growth. In general, the course of the changes in the numbers 
of these organisms in both the planted and fallow soils appear much the same 
as in the organisms previously considered. 

B. radiobacter group developing upon glycerol 

The results concerned with this group appear in table 4 and figure 4. Pro¬ 
nounced increases in the abundance of these bacteria appeared under the 
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developing plants. The proportional increases are more pronounced than those 
observed with any of the other groups of organisms which were studied. Here 
the influence of rape is particularly great. The organisms from soil growing 
this plant reached the point of 4.6 millions, while the unplanted soil at the same 
period showed the presence of only 54 thousands. However, the absolute in¬ 
creases in most cases are much lower than with the other organisms previously 
considered since this group of bacteria makes up a much smaller portion of the 

TABLE 6 

Influence of the development of higher plants upon abundance of filamentous fungi (1/10,000) 


Field soils 


PLANT 

AGE OP PLANT DEVELOPMENT 

AVERAGE 
OF ALL 

44 days 

63 days 

86 days 

138 days 

173 days 

PERIODS 

Fallow.. 

16,8 

9.0 

13.0 

27.0 

23.2 

17.8 

Oats. 

18.2 

21.6 

26.8 

21.0 

19.4 

21.4 

Com. 

14.0 

18,6 

16.0 

28.0 

28.0 

20.9 

Beans. 

24.6 

16.0 

23.8 

22.8 

31.4 

23.7 

Potatoes. 

24.8 

13.6 

17.6 

29.0 

19.4 

20.9 

Table beets. 

11.8 

15.3 

22.6 

18.8 

25.4 

18.8 

Mangel beets. 

23.8 

18.5 

27.8 

18.6 

26.6 

23.1 

Rape... 

14.4 

16.3 

12.2 

28.4 

28.6 

20.0 

Sweet clover*. 

16.0 

16.2 

16.4 

16.2 

21.2 

17.2 



Greenhouse soils 


PLANT 

AGE OF PLANT DEVELOPMENT 

AVERAGE 
OF AIL 
PERIODS 

36 days 

59 days 

93 days 

128 days 

169'days 

202 days 

Fallow. 

19.6 

21.2 

14.0 

23.0 

16.6 

16.2 

18.4 

Oats. . . 

25.8 

13.8 

20.0 

20.0 

12.2 

22.6 

19.1 

Beans. 

18.8 

23.2 

19.2 

19.0 

16.0 

10.4 

17.8 

Beets. 

20.2 

17.8 

21.8 

26.2 

21.6 

21.8 

21.6 

Rape. 

20.6 

28.6 

17.2 

18.6 

18.4 

13.4 

19.6 

Sweet clover. 

21.0 

19.0 

20.6 

14.0 

22.8 

14.2 

18.6 


* For sweet clover the sampling periods are 25,44,67,119, and 154 days. 


total soil population than the other groups. In view of the pronounced re¬ 
sponse of these bacteria to plant growth it would be of considerable interest 
to ascertain what factors are responsible for this change. 

The qualitative differences between the influences of the annuals and bien¬ 
nials are less pronounced upon these organisms than upon the general bacterial 
population of the soil. With the exception of the soil supporting sweet clover 
the numbers of the 5. radiobacter group decreased at the late periods of plant 
development in all cases. 
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Numbers of actinomyces 

The results of the observations of the actinomyces presented in table 5 
and figure 5 show that this group of organisms is affected by plant development 
very differently than are the other groups of organisms previously studied. 
The increases are generally erratic and show little or no correlation with the 
stages of plant development. Likewise their abundance in the unplanted soil 
shows little definite change during the season. If they are influenced by the 
plant development, the method used for their study has not detected the 
effect. At the most, it might be conceded that the development of plants has 
increased the abundance of actinomyces about the root systems but that this 
increase is comparatively slight. Of 70 cases observed (40 from field soils and 
30 from greenhouse soils), 50 showed greater numbers of actinomyces in the 
planted soils than occurred in unplanted soils, while 19 showed fewer actino¬ 
myces in the planted soils. 

Numbers of filamentous fungi 

The group of filamentous fungi show as little variation in numbers which 
may be interpreted as response to plant growth as do the actinomyces. These 
results are presented in table 6 and figure 6. The numbers generally appear 
to be somewhat greater at the stages of extensive growth and are quite low in 
soils supporting annuals subsequent to degeneration of the plants. However, 
it is difficult to explain the low level of fungus numbers at the late stages of 
development of the biennials in case one accepts as a fact that such a method of 
studying the fungi reflects the abundance of their occurrence in the soil. 

In the light of our present understanding of the activity of filamentous fungi 
in soils it seems logical to conclude that these results do not properly indicate 
the extent of influence of plant development upon this group of organisms. 
Although it appears that the fungi were more abundant near the plant roots, 
the method of determination is so unsatisfactory that, unless pronounced dif¬ 
ferences are obtained, it seems unwarranted to interpret the differences as 
being more than suggestive. In the 70 cases studied, 45 showed greater num¬ 
bers of fungi about plant roots and 25 showed greater numbers away from the 
roots. The implanted soils showed no consistent change in numbers of fungi 
during the period of study. 

Numbers of organisms fixing nitrogen 

As outlined with the experimental methods these organisms were estimated 
by inoculating diluted suspensions of soil into flasks of nitrogen-free nutrient 
solutions. As each period of sampling, the suspensions were inoculated into 
flasks in duplicate at each of five dilutions including the limits of growth of the 
oiganisms. It frequently occurred that organisms would develop at certain 
high dilutions of the series with no growth at some of the lower dilutions, caus¬ 
ing “skips” in the series. With only two cultures at each dilution and so many 
“skips” in the series it is not possible to determine the number of nitrogen- 
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fixing organisms with any degree of accuracy. In order to suggest the general 
trend of the results, however, a summary is presented in table 7. These data 
present merely a list of the number of cultures in each series at each dilution 
which showed fixation of nitrogen. In the series of studies of the greenhouse 
soils a mannite medium was used but this failed to support development of 
nitrogen-fixing organisms at dilutions of the soil greater than 1,000. With the 

TABLE 7 

Numbers of cultures showing nitrogen fixation from planted and unplanted soils 


Field soils 


PLANT 

AGE OF PLANT DEVELOPMENT 

.... 1 

average: 

OF ALL 
PERIODS 

44 days 

63 days 

86 days 

138 days 

173 days 

Cultures used..... 

10 

10 

10 

10 

10 

10 

Fallow. 

6 

6 

7 

3 

5 

5.4 

Oats.:. 

S 

8 

7 

4 

3 

6.0 

Com. 

8 

6 

6 

5 

7 

6.4 

Beans. 

8 

5 

6 

5 

6 

6.0 

Potatoes. 

6 

7 

5 

4 

5 

5.4 

Table beets.. 

8 

8 

4 

7 

5 

6.4 

Mangel beets... 

8 

7 

7 

; 7 

7 

7.2 

Rape. 

8 

5 

5 

6 

5 

5.8 

Sweet clover*. 

8 

6 

7 

3 

5 

5.8 


Greenhouse soils 


PLANT 

AGE OF PLANT DEVELOPMENT 

AVERAGE 
OF ALL 
PERIODS 






202 days 

Cultures used . 

10 

10 

10 

10 

10 

10 

10 

Fallow. 

4 

3 

4 

5 

5 

6 

4.5 

Oats. 

3 

2 

9 

7 

5 

8 

5.7 

Beans... 

3 

2 

5 

5 

5 

6 

4.3 

Beets... 

4 

4 

6 

7 

7 

6 

5.7 

Rape. 

2 

3 

4 

7 

7 

9 

5.3 

Sweet clover... 

3 

2 

7 

9 

3 

7 

5.2 


* For sweet clover the sampling periods are 25,44,67,119, and 154 days. 


field soils a dextrose medium was used and nitrogen fixation occurred quite 
regularly at dilutions of the soils of hundreds of thousands and frequently of 
millions. It is quite apparent that, irrespective of the medium used, the type 
of plant developing upon the soil, or the stage of development of the plants, 
there is nothing which appears sufficiently different from the results from un¬ 
planted soils to suggest that plant growth appreciably modified the abundance 
of nitrogen-fixing organisms in the soil. Although these organisms appeared 
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Fig. 8. Averages or the Field Studies or the Influences or Plant Development Upon Abundance or Organisms in the Soil 
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to the extent of hundreds of thousands no consistently greater number of 
these bacteria developed from soils obtained from the rhizosphere than from 
soil obtained from a distance from the roots. Further, the legumes showed no 
more effect upon these organisms than did the non-legumes. In view of the 
plausable theoretical possibility that the rhizosphere may be a suitable habi¬ 
tat for development of nitrogen-fixing bacteria it appears strange that no 
results were obtained which would verify this supposition. The possibility 
still remains that the method which was used was unsuited to determine the 
abundance of this group of organisms. 

Averages of influences of plants upon all the groups of organisms 

In figures 7 and 8 the data are presented as averages of the determinations 
atall periods of sampling. Comparative figures are given, the results from the 
unplanted soil being considered as 100, The unshaded columns are averages 
of the average effects of all the plants upon each of the groups of organisms. In 
each group, the data are arranged from left to right in the order in which the 
different plants affect the abundance of bacteria in the soil. 

It is evident that plant development exerts very different proportional effects 
upon different elements of the soil population. The apparent effects upon the 
nitrogen-fixing organisms and upon the fungi and actinomyces are very slight. 
The bacterial population as a whole and the organisms developing upon man- 
nite agar are affected to a marked degree and in much the same order with 
certain few exceptions. The bacteria of the Radiobacter group increased to 
a much greater proportional degree than any of the other organisms. This 
is particularly striking with the results of their detection upon glycerol media 
from the field soils. Among all of the data, the striking influence of rape upon 
all the groups of soil organisms is clearly apparent. It was expected that the 
legumes would effect a somewhat more marked influence upon the soil popula¬ 
tion than is apparent from these results in view of the fact that it has been 
repeatedly claimed that such plants have the most pronounced influence 
upon soils. Since, at all the periods of study, the sweet clover plants were 
less mature than any of the others the comparison of their effects during early 
stages of growth does not accurately indicate their influence upon the soil 
organisms over extended periods of time. 

If the order of the influence of the plants upon the numbers of bacteria in 
the soil during the growing season was the same for all of the biological groups, 
it might be assumed that this order of the plants represented the order of their 
influences upon the microbial population as a whole. In some cases this 
appears to be the case, but it appears more logical in many cases to assume that 
the order of influence of a group of plants upon one group of soil organisms 
may not be the same upon all soil organisms. These influences of different 
plants may be so markedly altered by cultural conditions which modify the 
extent of plant growth, the period of time before maturity, and other physio¬ 
logical characteristics of plants that any attempt to indicate without qualifi- 
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cation what plants exert the greatest or slightest effects upon the soil organisms 
would be replete with errors. It is more desirable to ascertain what factors 
associated with plant growth are responsible for this effect upon the soil 
organisms. 


TABLE .8 

Correlation between weights of roots of single plants at the periods of sampling the soils and the 
influences of the plants upon the abundance of bacteria in the soil 


Field soils 


PLANT 


AGS OP PLANT DEVELOPMENT 


AVERAGE 
INCREASE IN 
NUMBERS OP 
BACTERIA DUB 
TO PLANT 
GROWTH 


44 days 

63 days 

86 days 

138 days 

173 days 

Potatoes.,.. 

3.36 

8.91 

25.1* 

28.3f 

51,0t 

millions 

3.5 

Sweet cloverj. 

0.003 





11.7 

Beans. 

0.47 


0.7 

2.1 

1.2 

15.8 

Com. 

3.36 

12.26 

38.0 ! 



16.4 

Table beets. 

0.35 

5.8 

21.8 

28.5 

22.5 

18.7 

Oats. 

0.25 




0 

22.3 

Mangel beets. 

0.34 

7.1 

26.5 


77.3 

23.1 

Rape. 

0.99 



6.8 

7.7 

40.7 


Greenhouse soils 


PLANT 

AGE OP PLANT DEVELOPMENT 

AVERAGE 
INCREASE IN 
NUMBERS OV 
BACTERIA DUE 
TO PLANT 
GROWTH 

59 days 

93 days 

128 days 

169 days 

202 days 

Beans.,. 

0.136 

0.068 

0.085 

0.131 

0.069 

millions 

5.0 

Sweet clover. 

0.002 

0.006 

0.247 

0.252 

0.314 

6.4 

Beets. 

0.008 

0.071 

0.298 

0.511 

0.315 

10.2 

Oats. 

0.024 

0.080 

0.304 

0.341 

0.124 

11.7 

Rape. 

0.015 

0.073 

0.414 

0.541 

0.420 

38.9 




* Mainly tubers only 0.56 gram fibrous roots, 
t All tubers, no fibrous roots. 

t For sweet clover the sampling periods are 25,44,67,119, and 154 days. 


Influence of extent of root systems 

It might be expected, since it is through the root systems of the higher plants 
that the influences become exerted upon the soil organisms, that there would 
be some correlation between the abundance of the roots and the extent of the 
changes in the organisms in the soil. An inspection of table 8 indicates quite 
definitely that there is little or no correlation between the weights of the 
plant roots and the average increases in bacteria in soils under the plants. 
There is no greater correlation between the weights of roots at any one period of 
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sampling and the abundance of bacteria under the plants at that period. Fur¬ 
ther, no apparent correlation exists between the root weight and the abundance 
of any of the other organisms which were studied. 

It may not seem justified to compare the weights of roots of single plants 
since different numbers of plants covered equal areas of soil. It would seem 
unlikely, however, that any comparison of weights of roots occupying equal 
volumes of soil would show correlated relationships between the effects of these 
roots and the soil population. It might be logical to assume that correlations 
would exist between the extent of root surfaces and the influences of the plants 
in any unit volume of soil. It seems more likely that none of these factors 
would have more than a chance relationship with the observed effects. Other 
factors related to the physiological behavior of the plants undoubtedly con¬ 
trol the reactions. It seems apparent that young roots exert comparatively 
slight effects and that, at the period close to fruiting or at advanced stages of 
growth, the plants exert the most marked influences. This would appear to 
suggest that factors associated with the quality and quantity of root excre¬ 
tions (particularly organic) might be factors of major importance in this con¬ 
nection. These are related to certain characteristics inherent in the plants 
themselves and would not justify an assumption that the abundance of root 
systems would be of most importance in determining the observed changes. 

DISCUSSION 

It is quite apparent that the plate method of determining the abundance of 
organisms in the soil is far from satisfactory. However, the results which 
have been obtained appear of such an order as to indicate that the apparent 
effects of the plants upon the soil organisms are significant effects in most cases. 
The fact that marked effects of plant growth upon the soil organisms were 
observed by the methods which were used may suggest that even more marked 
effects are actually brought about by the plants. This would seem likely since 
the large samples of soil which were taken for analysis necessitated the col¬ 
lection of considerable soil which was not in contact with the plant roots. If 
it is assumed that root excretions are of major importance in determining the 
results, the greatest effects should appear closest to the roots. Further studies 
of more detailed nature of conditions in the zone of the root surfaces should in¬ 
dicate that the microorganisms are even more profoundly modified by plant 
growth than the present results would suggest. 

It is recognized that the periods of testing the soils were so infrequent that 
many significant changes in the soil population may have been overlooked. 
The points of maximum effects and of inflection would undoubtedly have been 
more accurately located by more frequent observations of the soils. It is 
apparent from the data which are available, however, that certain pronounced 
differences are expressed in the abundance of the organisms at different stages 
of plant growth. 
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In view of the present observations it would seem that plant growth is one 
of the most important factors in determining the irregular distribution of micro- 
organisms in soils. Samples of soil from an apparently uniform field may vary 
greatly in abundance of organisms if they, are gathered near or away from roots 
or if they contain a small or large amount of roots. The influences of the plants 
vary so greatly during the course of root development that observations from 
a single period would not be representative of other periods. In this connec¬ 
tion, variations in the influences of the plants upon the organisms at diff erent 
stages of growth may be of importance in determining the so-called seasonal 
fluctuation of microorganisms in soil, where some of the variations appear to 
be related to neither the moisture nor temperature. At least, it may be con¬ 
cluded that samples of soil gathered about different plants at any one period 
give no true representation of the comparative influences of the different 
plants upon the soil population. Any comparison which is to represent the 
facts properly must indicate the course of the influences throughout the 
growth of the plants. . 

The fact that plant growth favors the appearance of larger numbers of or¬ 
ganisms in the soil, at least at certain stages in plant development, indicates 
why, under certain conditions one may expect to find some dose correlations 
between crop yields of soils and. abundance of microorganisms in the soils* 
Provided that the soils concerned in the comparison were originally alike and 
that the same crop had been continuously planted on these soils, one would 
expect that, where the greatest plant development occurred, there would be 
the greatest amount of root residues and that the other effects assodated 
with the influences upon the organisms would be such as to exert the most pro¬ 
found effects upon the soil population. On the other hand, knowing that 
different plants affect the soil population differently at any stage in their growth 
it would hardly be expected that even similar soils supporting different plants 
under different fertilizer treatments would always show correlations between 
yields of plants and abundance of microorganisms in the soils. This rela¬ 
tionship is further complicated where soils essentially different in physical 
and chemical condition are concerned. Even though crop yield should be 
high from a soil which was normally of low biological activity the abundance of 
organisms might not be so great as from a soil naturally of a high level of bio¬ 
logical activity. At the same ,time the actual increase in abundance of organ¬ 
isms resulting from plant development might be the same in both soils. The 
growth of crops in rotations further complicates an interpretation of the final 
results upon soil organisms. 


SUMMARY 

Results are reported of studies concerned with the influences of the develop¬ 
ment of higher plants upon the abundance of microorganisms in the soil. A 
considerable variety of different plants was cultivated in the greenhouse and 
field and, during their growth, observations were made periodically upon the 
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abundance of bacteria, actinomyces, filamentous fungi, organisms developing 
upon nitrogen-free mannite agar, organisms of the B. radiobacter group de¬ 
veloping upon nitrogen-free mannite agar, organisms of the 5, radiobacter 
group developing upon glycerol-nitrate agar, and nitrogen-fixing organisms 
developing in nitrogen-free dextrose or mannite solutions. The following 
conclusions appear to be justified as a result of these studies: 

1. The development of higher plants exerts pronounced influences upon the soil population 
but these influences are greater upon some organisms than upon others. The proportional 
increases in nitrogen-fixing organisms, actinomyces, and filamentous fungi are slight. The 
greatest proportional increases appear in the B. radiobacter group of organisms although very 
striking effects are apparent in the general bacterial population. The average of the seasonal 
effects of different plants upon the different bacteria varied between increases of IS per cent 
and several hundred per cent. 

2. Different plants exert different degrees of influence upon the soil organisms; some, as 
potatoes, consistently increased the numbers slightly, while others, as rape, increased the 
numbers to a striking degree in most cases. 

3. The extent of the influence of any one plant upon the soil population is different at dif¬ 
ferent stages of growth. Slight effects are apparent in early stages of growth, maximum 
effects appear only after the plants have reached considerable size, and the influences be¬ 
come less pronounced subsequent to the death of the plants. Consequently, the length 
of the growing period is an important factor in determining the degree of the effect of plants 
upon microorganisms. Because of the longer growing periods of biennials these plants show 
a much more prolonged effect upon the organisms than do annuals. Legumes may exert 
no more pronounced effects upon soil organisms than do non-legumes. 

4. The extent of the effects of plants upon the soil organisms is not determined by the size 
of the different plants or the extent of root development but may be associated with some 
characteristics of the physiology of the plants, particularly as regards quality and quantity 
of root excretions. Many factors are undoubtedly concerned in these changes. 

5. The results emphasize the fact that higher plants are of great importance in bringing 
about an unequal distribution of microSrganisms in the soil and may be a major factor in 
determining the so-called seasonal fluctuation of microorganisms in soil where temperature 
and moisture do not appear to be related. 
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During recent years the study of peatlands and their differentiation has 
tended more and more to emphasize the importance of rather detailed and 
varied knowledge of profile features. It has come to be regarded a necessary 
part of any successful attempt in bringing peat soils into agricultural or indus¬ 
trial use, to approach the examination of peat profiles upon the basis of the 
botanical composition and morphological characteristics of the several layers 
and “horizons” found at different depths from the surface to the mineral sub¬ 
soil. Likewise an increasing amount of attention is given the effort to charac¬ 
terize more completely any type of peat area with all its properties and pecu¬ 
liarities, that is, to determine accurately the several outstanding physical 
properties, the chemical composition of various organic complexes, and the 
microbiological population of peat profiles under virgin conditions, in order to 
contribute to an understanding of the changes that take place in similar areas 
of peat under conditions of cultivation and lowered water table. 

Most of the criteria by which we determine the outward characteristics and 
geographical mode of origin of peatlands, and analyze their different profile 
features are relatively well known and readily applied. But the problem be¬ 
comes involved and often very complex when we attempt to coordinate the 
results of the various analyses, or when we seek to establish the probable de¬ 
grees or stages of decomposition from the initial, virgin peat profile to the fully 
developed mature profile, to arrange the changes in a proper sequence, to de¬ 
termine the rate of decomposition and time involved, as well as their relation¬ 
ship to any given environment in which the changes occur. 

The result of focussing the efforts of modern peat investigations upon the 
examination and analysis of the profile features of three raised bogs or high- 
moors in Maine furnishes the theme for the following two related studies. 
This paper constitutes an endeavor to give the botanical and morphological 
profile record reflecting the succession of former vegetation units now forming 
peat deposits, whereas the paper by Waksman and Stevens, published else¬ 
where in this issue of the journal, emphasizes certain chemica l and bacterio- 

1 A detailed analysis of the chemical composition and the bacteriological activities in the 
various layers of these profiles is published elsewhere in this issue of the journal, by Waks¬ 
man and Stevens. 
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logical methods as the approach to the complex problem of establishing rela¬ 
tionships between different types of peat (5). A discussion of the physical 
properties and the coordination of analytical studies with regional profile 
differences is contemplated in a later paper. 

The field work was carried on in cooperation with S. A. Waksman from 
August 6 to August 15,1928, and afforded not only the opportunity of continu¬ 
ing ea’rlier studies on New England peat profiles (1) but also of obtaining fresh 
material, especially from layers of peat at considerable depth below the 
surface. 

The localities chosen were the Denbo heath near Cherryfield, the Veazie 
heath southwest of Orono, and the Lewiston or Garcelon heath at Lewiston, 
Maine. Aside from the matter of accessibility these areas of peat are better 
known than others, and further experimental work can be carried on with the 
use of the facilities of the university and agricultural experiment station at 
Orono as a base. 1 


METHODS OF PROCEDURE 

The study of the peat profiles, the botanical identification of the successive 
layers of plant remains, and the separate morphological features were carried 
out as follows: 

Peat samples from the surface to 3 feet, intended for obtaining analytical 
data from the standpoint of volume weight and for determining the changes in 
certain physical properties, were collected by means of a new type of sampler. 
The instrument was made by C. J. Crawley in the mechanical laboratory of 
this Bureau. It consists of a duraluminum or brass tube approximately 
1J inches (3.75 cm.) in diameter and 10 inches (25 cm.) long. At one end is a 
detachable device 2 inches (5 cm.) long provided with a slit about If inches (4.5 
cm.) from its cutting edge. The sampler is inserted without turning into the 
walls of the freshly dug hole. The peat material in the outer, projecting edge 
of the tube is cut off with a spatula through the slit-like opening in the tube. 
The surplus material from the inner, inserted end of the tube is cut off with a 
sharp knife even with the cutting edge of the tube. The undisturbed core of 
the peat sample, having a definite unit volume equal to approximately 3 cubic 
inches (5 cm.*), is then dropped into a small “ointment” glass jar provided with 
a tightly fitting aluminum screw-cap. From a series of determinations on 
peat profiles of southern states it was found that the procedure lent itself to an 
accurate determination of the volume-weight of different layers'of peat in a 
profile and was important in order to interpret properly various peat soil 
phenomena in connection with plant responses. 

Samples of peat from the entire profile depth were obtained by the use of 
the American peat sampling instrument which is a modification of the device 

1 The writer wishes to express his appreciation to Dr. Stanmetz of the University of 
Maine for aid rendered in sounding the Veazie peat area. 
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first designed by the Wisconsin Geological Survey. The instruments made 
in the mechanical laboratory of this Bureau consist of a cylinder of duralumi¬ 
num or of brass, approximately 10 to 14 inches (25 to 35 cm.) long and with 
an inside diameter of J inches (2 cm.). The cylinder is provided with a plunger 
cone-shaped at the lower end, and with a spring-catch near the upper end. 
The spring permits the withdrawal of the plunger from its endosing cylinder 
at any desired depth. When locked in that position the instrument may be 
filled with a solid core of the respective peat layer by a downward movement. 
The cylinder protects the peat sample completely from any contamination 
and does not destroy its structure when the instrument is lifted out. Begin¬ 
ning at the surface downward, samples of peat are taken consecutively with the 
greatest care from distances either at every 6 inches (15 cm.) or 1 foot (30 cm.) 
from each other. The samples are placed into sterilized containers, glass vials, 
or any other holder, suitably marked, by fordng the spring catch and the 
plunger back into the cylinder. A number of 2-foot (60-cm.) sections of \ 
inch (1.7 cm.) duraluminum or of steel pipe can be readily connected by cou¬ 
plings. The lengths permit an easy estimation of the depth reached from which 
the peat sample is required. The instrument is kept in a canvas case, carried 
by a strap over the shoulder, and is very easy to handle. Tools such as the 
Swedish chamber drill of the Hiller model, boring sticks, and augurs have not 
given satisfactory results. 

For the correct determination of the plant remains which have contributed 
to the formation of different layers of peat, an ecological herbarium with em¬ 
phasis upon the plant community as the vegetation unit, and a collection of 
representative types of peat material are indispensable. The different types 
of peat found in this country even at great distances apart show a striking 
correspondence with those which occur in Europe, and they appear to have 
been derived from units of vegetation which on the whole are ecologically re¬ 
lated. The necessary condition for the comparison of sharply demarked 
differences between types of peat with corresponding series of peat materials 
in Europe is, of course, the botanical and ecological method. The system of 
classification described in Departmental Bulletin 802 and the photographic 
illustrations published in Departmental Bulletin 1419 or in von Post’s recent 
paper (4) permit with a fair degree of certainty the identification of the more 
important types and mixtures of peat materials found over practically the 
whole of the United States, Canada, and Europe, However, a compilation of 
an illustrated handbook of plant remains, including microscopic forms in peat 
deposits, is greatly to be desired and should be undertaken by the aid of inter¬ 
national cooperation. Thus the main basis for coordination in peat investiga¬ 
tions—reference of different kinds of peatlayers to their common origin and 
composition, and to one and the same standard of quality—would be rendered 
less difficult. 

Preparations for microscopical examination of plant remains and their transi¬ 
tion stages are handled in the laboratory in the following manner: Fresh ma- 
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terial is washed with distilled water and the smaller component parts of or¬ 
ganic material are separated in water to which a few drops of chloral hydrate 
have been added. Air-dry peat samples are boiled in a 10 per cent solution of 
potassium hydroxide, essentially according to the method of Erdtman (3). 
Fractions of the peat material are prepared as microscopic slides in distilled 
water to which a drop of glycerine is added. Pollen grains and other minute 
plant remains are determined more or less quantitatively on samples which 
represent a fairly uniform layer of peat. The studies in pollen statistics re¬ 
quire, however, much more development because the pollens of various species 
of deciduous plants resemble one another closely. Degrees of decomposition, 
following von Post’s scale of ten divisions, are indicated as being poorly (H0- 
2), slightly (H2-4), partly (H4-6), largely (H6-8), and well (H8-10) decom¬ 
posed. It is obvious, however, that a more exact quantitative method must 
be established to express the degree of decomposition that has taken place at 
different levels. 


PEAT PROFILE RECORDS 

Lewiston ( Garcelon ) heath 

The topographical and geographical position of this deposit is shown on the 
Lewiston sheet of the U. S. Geological Survey. The area is located near the 
eastern dty limits of Lewiston, Me. It exhibits a convex surface contour 
rising more than 5 feet (1.5 m.) from margin to center. The borders had at 
one time a considerable growth of spruce and tamarack with birch and alder 
but much of the timber has been cleared off by cutting and repeated fires. The 
conifers of the boreal climax are being replaced by white pine, red maple, and 
a dense growth of deciduous shrubs. Root sprouts of Poptdus tremuloides 
are occasional The evergreen heath consocies in the central part of the peat 
area is dominated by Chamaedaphne calyctdata, averaging between If to 2f 
feet (53 to 83 cm.) but Kalmia glauca and K. angustifolia are giving the locality 
a distinctive aspect in many places. Minor dements are Ledum groenlandi- 
cum, Andromeda polifolia, Aronia nigra, as well as Spiroea and Solidago. The 
chief dement in the ground-cover consists of Polytrichum mosses (P. strictum, 
P. commune ) favored by fire, and several lichens ( Cladonia rangiferina, C. 
uncialis, C. sylvatica), while low small cushions of sphagnum mosses, chiefly 
mixtures of S. tendlum, S. actitifolium, S. fuscum, and others, occur in pro¬ 
tected places but much suppressed. 

The area has a marginal drainage ditch and a portion of it was formerly 
exploited in an attempt to manufacture peat fuel briquets. The drainage 
factor does not appear to have brought about much change in the ericaceous 
heath shrub complex but the deposit shows evidences of having shrunk verti¬ 
cally and compacted. 

The profile sounding taken in the western half of the heath, about midway 
between the wooded border and the center is as follows: 
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1. 0-4 inches (0-10 Qm.) very dark brown, largely decomposed, crumbly peat from 
Sphagnum and Polytrichum mosses with an admixture of ericaceous woody fragments an d 
fibrous roots and culms of cotton-^gross(Eriophorum sp.) moderately moist. 

4-16 inches (10-40.5 cm.) light reddish brown, poorly decomposed fibrous, matted, moist 
Sphagnum peat (5. cuspidatoim , S . tenellum, etc.) with an interlacing network of rhizomes 
and roots of the living surface vegetation. 

16-20 inches (40.5-50.8 cm.) dark grayish brown, partly decomposed Sphagnum moss 
peat with fibrous culms and roots of cotten grass (Ertophorum sp.), small amounts of erica¬ 
ceous woody fragments and finely divided organic debris; moist, firm, on 

20-30 inches (50.8-76.2 cm.) dark reddish brown, wet Sphagnum moss peat, partly 
fibrous with moderate amounts of woody material from decaying branches and roots of 
shrubs and occasional conifers. 

30-72 inches (76.2-182 cm.) reddish brown Sphagnum moss peat, in large part 5. cus- 
pidaium and S.fuscum , wet, compacted, more or less layered, contains at various levels small 
amounts of coarsely fibrous culms of cotton grass and coniferous root and stem fragments. 

2. 72-86 inches (182-218.5 cm.) dark brown partly disintegrated ericaceous woody ma¬ 
terial, moist, compact, with admixture of partly fibrous moss and sedge peat. Marginal 
portions of this layer contain well-preserved leaves and slender woody fragments from 
Chamaedaphne and other heath shrubs, over 

86-96 inches (218.5-243 cm.) dark brown to reddish brown, wet, partly decomposed 
fibrous moss peat (S.fuscum, with interlacing roots of woody perennials; 5. cuspidaium etc.) 
marsh gas given off abundantly. 

3. 96-120 inches (243-304 cm.) reddish to grayish brown coarsely fibrous, matted reed 
(Phragmites) peat on finely fibrous radicellate sedge-reed peat representing a former floating 
mat; weak odor of H*S. 

4. 120-156 inches (304-400 cm.) grayish brown sedimentary organic suspension, firm, 
(Dy and Detritus-Gyttja) with rootlets of sedges and reeds, grading into an olive biown, 
finely divided, more or less colloidal organic debris (Plankton Gyttja) which contains seeds 
of herbaceous plants and pollen from conifers. 

5. 156+ inches (400+ cm.) gray to bluish gray, soft, sticky day, compact at lower level, 
reported to be gladal Lake Champlain clay. 

The profile examination indicates that the primary layers consist of limne¬ 
tic sediments from an ancient shallow lake which proably represents the rem¬ 
nant of a former valley lake of considerable size. Sedge and reed marches 
continued the accumulation as a result of a further fall of the water level, and a 
forest began to spread over the telmatic types of peat after the lake had dried 
up. The formation of sphagnum peat began at a later, moister, postglacial 
period, but at present sphagnum mosses no longer continue their growth and 
dominance in the area. The surface material resembles a dark colored muck¬ 
like organic debris, somewhat mineralized partly from fires, and exhibits a 
marked physical change from the parent peat layer. 

Veazie heath 

The location, acreage, and topography of this peat deposit are shown on 
both the Orono sheet of the U. S, Geological Survey and on the map which 
accompanies the 1909 U. S. Soil Survey report of the Orono area. The deposit 
appears to be unconnected with the more extensive area of peat at Pushaw 
lake. In surface contour it is moderately convex, rising only a few feet from 
the wooded margin to the open growth in the center. 
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The vegetation presents the aspect of scattered small islands of dwarfed 
spruce, tamarack, and birch as boreal dominants with the usual ericaceous 
heaths grouped around them. These islands grow directly upon sphagnum 
moss peat in which the long and ramifying roots are embedded a foot or two 
(30-60 cm.) below the surface. Between the islands are low hummocky masses 
of Sphagnaceae on which trailing and erect but small-sized evergreen shrubs 
are about equally distributed. In the hollows between the hummocks there is 
an open growth of two sedges, Scirpus caespitosus and Eriophorum mginatum , 
the latter being more frequent in the wetter spots with Sarracenia purpurea , 
Arethusa bulbosa , and Cypripedium sp. The characteristic plants upon the 
bright red cushions of Sphagnum tendlum are Vaccinium oxycoccus and Drosera 
rotundifolia . 

The greatly dwarfed heath shrubs are dominated by Chamaedaphne cdy- 
cidata . The subdominants are Kalmia, Ledum , Aronia , Betula, and occasional 
clumps of Gaylussaccia dumosa . They rise out of a ground cover of mosses, 
chiefly mixtures of S. fuscum , S . medium , S. acutifolium , and S. girgensohnii 
with invading Polytrichum sp. in a sub-copious position. 

Nearly all around the bog and along the highway where drainage conditions 
are improved spruce and larch are dominant, with birch, alder, and heath 
shrubs especially abundant. The trees are of ordinary size but in the marginal 
transition they become smaller, scattered, and on the central portion of the 
bog rarely exceeding a few feet in height. 

Approximately 250 feet (75 m.) west of the Stillwater-Bangor highway, the 
following profile was recorded on a moderate rise in the open low, shrub 
cover: 

1. 0-48 inches (0-120 cm.) light yellow-brown, fibrous, spongy matted, poorly decomposed, 
wet Sphagnum moss peat, chiefly from species found at the surface, slightly altered, grading 
into a somewhat darker colored material below the 10-inch level, with an open network 
of tough, slender roots, fibrous rhizpmes, and stems of woody perennials. Marsh gas es¬ 
caping from lower level. 

48^60 inches (120-152 cm.) brown, partly fibrous Sphagnum-Eriophorum peat with an 
admixture of ericaceous coarse woody fragments, loosely matted, waterlogged. 

60-96 inches (152-243 cm.) water pocket with brown, soft, more or less suspended organic 
debris (Detritus-Gyttja); firmer at lower level. 

2. 96-136 inches (243-345 cm.) dark brown, partly decayed, woody peat from logs, 
branches, and roots of conifers, birch, and shrubby undergrowth, embedded in finely frag¬ 
mented woody debris, grading into 

3. 136-140 inches (345-355 cm.) grayish brown detritus with rootlets of woody plants and 
sedges, granular when dry, over clayey sedimentary organic debris (Clay-Gyttja) somewhat 
elastic, on 

4. 1404* inches (355-J- cm.) gray, compact, fine sand with rootlets of herbaceous and 
woody plants at upper level, mottled with light gray spots below. 

This profile suggests that an open, grassy forest invaded the area and con¬ 
tinued for some time the accumulation of woody peat. The transformation 
of the forested peat area into a sphagnum covered moss bog occurred probably 
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at a time of the rise and expansion of the water surface of neighboring lakes. 
Thereafter sphagnum continued its dominance and formed a more or less float¬ 
ing layer of light brown, loose, coarse textured peat, with no evidence of marked 
physical change below the present surface. 

Denbo heath 

The conspicuously dome-shaped convex surface which rises 15 to 20 feet 
(4.5 to 6 m.) from margin to center, and the small ponds encountered on the 
highest top-parts, form the outstanding features of this area of peat. It is 
located about 18 miles (28 Km.) northwest of Cherryfield and covers an acreage 
of several square miles. 

Although on the whole, the surface vegetation is the same as that of the other 
areas described there are yet minor differences. The present heath consocies 
is dominated by Ckamaedaphne calyculata. The sub-dominants are Kalmia 
glauca, Ledum palustre, Andromeda polifolia, and several species of Vactinium. 
Minor elements are Eriophorum vaginaium , Scirpus caespitosus, Rhynchospora 
alba, Aronia nigra, Gaylusssacda dumosa, Solidago sp and greatly dwarfed 
conifers scattered over the bog. The ericaceous heaths, which in the transi¬ 
tional forested margin may grow to 5 feet (1.5 m.) in height, average only 5 
to 7 inches (12 to 17 cm.) on the raised part of the bog. The ground-cover 
shows abundant mats of different species of Sphagnum mosses with Vactinium 
oxycoccus, Drosera rotundifolia, and Sarracenia purpurea, but Cladonia and 
Polytrichum in particular are suppressing them, indicating drier conditions. 

About the small ponds occur nearly pure carpets of Sphagnum teneUum, S . 
magellanicum, S. acutifolium, with Scirpus and Eriophorum dominating in 
narrow transition belts. A further stage in the succession are the irregular¬ 
shaped islands of low, dwarfed spruce and tamarack, about 2 feet (60 cm.) 
tall, with a fringe of ericaceous heaths, showing a tendency to occupy the hol¬ 
lows that are made by knoll-like hummocks of Sphagnum fuscum and other 
mosses. 

Fire has been occasional but there appears to be no tendency toward the 
establishment of a fire sere or subsere. 

The vegetation which constitutes the more or less encircling forest is charac¬ 
teristically dominated by spruce, tamarack, and birch with an ericaceous under¬ 
growth. In the transitional zone and on the rising slopes the trees and shrubs 
generally become smaller. The great dwarfing and scantiness of conifers 
distinguish the raised from the flat portions of the peat area. 

The test boring nearly midway between the wooded margin and a pond on 
the dome-shaped surface gave the following profile record: 

1. 0-5 inches (0-12 cm.) thin superficial layer of grayish brown, partly decomposed leafy 
litter and granular debris embedded in Sphagnum mosses on light yellow brown fibrous 
moss peat (derived mostly from living species), poorly decomposed, spongy matted, moist, 
with interlacing slender rootlets. 

5-12 inches (12-30 cm.) reddish brown, partly decomposed Sphagnum peat (5. rccurvum?. 
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Fig. 1. Cross Section or a Portion or Denbo Heath Showing Mode of Growth and 
Distribution op Superimposed Strata op Spongy Fibrous Moss Peat Which Holds 
Large Amounts of Water, Alternating with More Decomposed, Compact, and 
Darker Colored Strata op Sphagnum Moss Peat 

Compiled from series of profile soundings made between 1924 and 1928 
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S, imbricaium , and others), moist, somewhat firm, with embedded network of long tough 
woody stems and fibrous roots of E. vaginatum at lower level. Standing water fluct uating 
10 inches (25 cm.) below surface. 

12-28 inches (30-71 cm.) light reddish brown Sphagnum peat slightly decomposed, fibrous, 
loose, wet, with traces of course and fine rootlets of woody perennials, and occasional thin 
streaks of firmer, darker colored organic debris. 

28-48 inches (71-121 cm.) brown, fairly compact Sphagnum peat, wet, in more advanced 
stage of decomposition than upper strata, with woody fragments of rather local distribu¬ 
tion and abundance. 

4-17 feet (121-518 cm.) light reddish brown to brown fibrous porous Sphagnum peat 
(includes mixtures of S. fuscum , S. cuspidatum , and others) poorly decomposed, wet, with 
open network of rootlets and occasional coniferous and ericaceous woody fragments, darker 
in color, firmer and partly decomposed below 13 foot (396 cm.) level; escape of marsh gas 
from various lower levels. 

2. 17-18| feet (518-568 cm.) brown woody peat from branches, twigs, and poorly de¬ 
composed coarse woody roots of heaths and conifers, embedded as a tough interlacing 
network in waterlogged, finely divided organic debris; difficult to penetrate. Pollen of 
alder, birch, and spruce intermingled. 

3. 18J-22 feet (568-670 cm.) gray-brown, coarsely fibrous, matted reed (Phragmites) 
peat, containing ericaceous woody rootlets at upper level, forming a transition to radicellate 
sedge (Carex-Scirpus) peat, darker in color at lower level, firm, slightly moist, grading into 

4. 22-h feet (670 + cm.) thin layer of brown to greenish brown sedimentary peat (Clay- 
Gyttja) with conifer pollen, on compact fine sand. 

From a series of profile soundings which were made between 1924 and 1928 
the cross section shown in figure 1 has been drawn to illustrate the various 
stages in the development of the dome-shaped convex form. It will be ob¬ 
served that darker colored, partly decomposed, compact, and relatively im¬ 
pervious moss substrata alternate with spongy, fibrous, poorly decomposed, 
light colored moss peat which holds considerable amounts of water in its capil¬ 
lary spaces. The whole layer of moss peat appears to have accumulated 
obviously under the influence of changes in atmospheric conditions and with 
distinct regularity: expanding masses which concentrated in the center, were 
followed by younger strata which diminished in extent with the growth in 
height. The transformation into a convex surface is on the whole, independ¬ 
ent of any hollows, knolls, or ridges of the underlying sandy bottom. The 
features of the present surface vegetation point clearly to increasingly drier 
conditions, indicating that the peat no longer receives and absorbs a copious 
rainfall or condenses heavy fogs. 


SUMMARY 

The results presented in this paper bring out the following facts as to the 
essential characteristics of three peat profiles in Maine. 

1* A consideration of the surface aspects shows light colored poorly to dark colored partly 
decomposed phases of Sphagnum moss peat varying in thickness from 5 to 17 feet (152 to 
518 cm.), With a water table fluctuating between 3 to 10 inches (7.5 to 25 cm.) below the 
surface. 

2. An examination of the internal composition and variation in profile structure indi- 
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cates that the layer of Sphagnum moss peat is superimposed upon a layer of woody peat 
moderately decomposed, followed in deeper depressions by a fibrous reed-sedge peat over 
sedimentary peat resting upon a clayey to sandy mineral substratum. Stratigraphically the 
peat profiles represent the conifer heath-sphagnum moss series and the sedimentary-reed 
sedge-conifer heath-sphagnum moss series. 

3. The layers of peat are throughout under anaerobic conditions. The rate of decomposi¬ 
tion is exceedingly slow at present, since the profiles show largely the inherent features of 
the component parent materials. In terms of stage of development (toward peat soil 
formation) the areas may be grouped into the category of immature, virgin peatlands, pre¬ 
dominantly botanical in character. 

4. Physiognomically the surface vegetation may be designated as shrubby heath-moor; 
it represents a successional stage passing into the conifer sub-climax. 

5. The raised, dome-shaped surface is due chiefly to an upward mode of growth and 
periodic accumulation of Sphagnum mosses; it is probably related to a maritime climate 
(von Post’s region of ombrogene peat deposits) which was until recently much moister than 
that now existing in the northeastern Atlantic coastal region. The partly decayed sub¬ 
layers indicate probably the influence of temporary dry periods (2). 

6. The areas of peat appear to have come into existence during a relatively recent period 
in post-glacial times. The general agreement in stratigraphic features probably relates to 
a common age of the deposits, the Lewiston peat being relatively older than the Veazie 
or the Denbo peat. 

7. The peat areas may be included into a major division characterized on the one hand 
by the lack or the removal of nutrient mineral salts (low ash content) in any layer of peat 
or horizon near the surface (oligotrophic group of peat lands), and by the presence, on the 
other hand, of conditions which give to the organic material an acid reaction. 
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Peats are formed as a result of a certain one-sided decomposition of plant 
residues, in the presence of an excess of water, which makes conditions anae¬ 
robic and prevents the distinctly aerobic processes from taking place. How¬ 
ever, if this were the only factor responsible for peat formation, the chemical 
composition of all types of peat would be alike. The fact that we have several 
types of peat which are distinct from one another in their chemical make-up 
points to other factors responsible for this difference. Among these, the 
nature of the vegetation and the environmental conditions under which 
decomposition is taking place, especially reaction and abundance of nutrients, 
are most important. Highmoor peats, lowmoor peats, forest peats, and sedi¬ 
mentary peats have certain characteristics in common, namely, the abundant 
accumulation of organic matter resistant to decomposition and a certain 
tendency toward a similarity in physical and chemical nature. But they are 
still distinctly different from one another, and can readily be recognized and 
well described, not only by their botanical composition as commonly assumed, 
but also by their chemical composition. A highmoor peat possesses certain 
definite characteristics, not merely because its plant associations are made 
up of various species of Sphagnum, Eriophorum , and various Ericaceous 
shrubs, but because these plants possess a definite chemical composition 
and because their chemical complexes will decompose only in a certain 
definite manner, especially at a high acidity and with a low mineral content, 
such as prevails in that type of bog. The lowmoor peat owes its specific com¬ 
position not merely to the specific plants, but to the chemical composition of 
these plants and to the conditions under which they are undergoing decom¬ 
position. The same fact is true of the other types of peat. 

In the decomposition of complex plant substances by microorganisms, the 
water-soluble substances are among the first to be attacked, and are followed 
soon by the pentosans and celluloses. The lignins are most resistant to de¬ 
composition, although it has been definitely established that at least some 
fungi belonging to the Hymenomycetes and possibly certain bacteria and 
actinomyces are capable of attacking lignins; the specific fungi may decompose 
these as rapidly as if not more so than they do the celluloses. However, this 
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process can take place only under aerobic conditions, whereas under anaerobic 
conditions, as in the case of the peat bogs, the lignins are hardly decomposed at 
all. Klason (9) many years ago was the first to express ideas of this nature 
when he stated that the processes whereby dead plants are changed into the 
first stages of peat must consist in the fermentation of carbohydrates; when 
this takes place in the absence of air, or when the organic matter is covered 
with water, the process must stop here, since the microorganisms active under 
these conditions are unable to ferment the other plant constituents; peat was 
thus considered to consist of lignin-like substances of plant origin in a more or 
less unchanged condition. 

But the mere assumption that the formation of peat from plant residues 
consists in a gradual decomposition of the pentosans and other hemicelluloses 
as well as of the celluloses, and an accumulation of lignins or of lignin trans¬ 
formation products (so-called “humic acids”) does not explain the marked 
differences in the chemical composition of the various peats as well as in the 
decomposition processes. Highmoor peat is characterized by a low ash 
content, by a high cellulose, fat, and wax content, by a fairly large amount of 
hemicellulose, and by a low protein content. The distinguishing characters 
of a lowmoor peat are the practical freedom from true celluloses, an abun¬ 
dance of proteins, a high mineral and lignin content, and a very low fat and 
wax content. 

Analyses of various horizons of a highmoor peat profile from Germany were 
reported elsewhere (IS). These results led to the conclusion that the formation 
of this type of peat is accompanied by a rapid decomposition of some of the 
nitrogenous complexes of the plant residues and a slow decomposition of the 
carbohydrates; these include not only the lignin-like complexes, but also the 
hemicelluloses and celluloses, as well as waxy substances. In the lowmoor 
peat formations, the reverse is true, namely, a gradual accumulation of the 
nitrogenous complexes and a rapid disappearance of the celluloses and hemi¬ 
celluloses take place; the lignins accumulate but the ether-soluble substances 
do not. 

Oden and Lindberg (12) reported that although Sphagnum peat contains 4.3 
to 6.6 per cent ether-soluble substances and 3.3 to 4.7 per cent cellulose, Carex 
peat contains none at all or very little of either of these two groups of complexes. 
Hesz and Komarewsky (8) isolated 10 per cent cellulose from air-dry peat, 
presumably of the highmoor type; the same peat contained 6 per cent ether- 
soluble, 10 per cent alcohol-soluble, and 49 per cent material soluble in cold 
1 per cent NaOH solution, including the pentosans, gums, pectins, etc. 

Although Cajander (4) and others were largely justified in their assumption 
that chemical analyses of peat are worthless unless their botanical composition 
is well known, we possess also definite information that not only does the 
botanical composition of peat depend entirely upon the chemical conditions 
prevailing in the bog, especially the abundance of available nitrogen, calcium, 
and other minerals (16,10), but that the two are closely interrelated. 
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Among the important factors which influence the vegetation in peat bogs, 
the absolute reaction occupies a prominent place. Olsen (13) found that 
when the pH of the bog is 4.2 or less, a true highmoor vegetation predominates, 
including Eriophorum vaginatum , Oxycoccus , Calluna , and Andromeda ,. With 
a decrease in pH value, the number of species diminishes. According to 
Brenner (3) typical sphagnum peat has a pH value of 3.9 to 4.5. 

To throw further light upon the chemical composition and the nature of 
the organic complexes in the highmoor types of peat, three sphagnum bogs 
located in Maine were studied. A description of the location of these bogs, 
their botanical composition, as well as the profile features are published else¬ 
where in this issue of the journal by Dachnowski-Stokes. 1 

These three bogs were located as follows: 1. About eighteen miles from 
Cherryfield, Maine, and designated as C; this bog is known locally as the 
“Denbo heath” or “Deblois heath,” near the town of Deblois; this is a typical 
highmoor bog rising in the center twenty to twenty-five feet from the outer 
margin; the bog has been described in detail by Bastin and Davis (1), Nichols 
(11), and Dachnowski (5). 2 2. The second bog examined was located at the 
border of Pushaw Lake, a few miles southwest of Orono and also known locally 
as the “Veazie heath” or the “Orono bog” (designated as 0). 3. The Garcelon 
bog (bog L) about two miles east of Lewiston, Maine, has been described 
by Bastin and Davis (1) and Dachnowski (5). 

The following samples from these three bogs were used for chemical and 
bacteriological investigations: 

Cherryfield bog; 

Ci, Upper layer of the Cherryfield bog, at a depth of 2 to 8 cm., consisting largely of 
young Sphagnum peat with an admixture of some Eriophorum and various Ericaceous plants. 

Ci, 8-20 cm. level, forming a darker layer, consisting also of Sphagnum, with an ad¬ 
mixture of woody fragments from Ericaceous shrubs and Eriophorum . 

C», 20-30 cm. level, reddish brown peat consisting of practically pure Sphagnum . 

C 4 , 30-46 cm. level, pure Sphagnum peat. 

C*, 46-61 cm. level, pure Sphagnum peat. 

C», 183-214 cm. level, pure Sphagnum peat. 

Ci, 460-480 cm. level, pure Sphagnum peat 

C 10 , 550-580 cm. level, sedge peat, lowmoor formation. 

Orono bog, about 330 cm. depth; no sedimentary layer at bottom; the bog resting upon 
forest formation. Surface vegetation consisting of Sphagnum (Sph. squamosum , Spk. 
tendlum ), with an admixture of Eriophorum, Saracena, and various shrubs ( Ledum, Cas¬ 
sandra, Andromeda , Kalmia, Vaccinium) as well as of tamaracks and spruces. 

Qi, surface layer of peat, 1-10 cm. deep. 

Os, 15-20 cm. layer, light Sphagnum peat. 

1 The sampling and general examination of these three bogs were carried out together 
with Dr. Dachnowski-Stokes of the Bureau of Chemistry and Soils, U. S. Department 
of Agriculture, to whom the authors are indebted for the helpful assistance rendered. The 
authors take this opportunity to express their indebtedness also to Dr. Steinmetz of the 
Maine Agricultural Experiment Station, who assisted in the location and sampling of the 
Orono bog. 

* See also (7). Compare some of the analyses reported by Dachnowski (6). 
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0», 20-30 cm. layer, light Sphagnum peat. 

Ch, 90-120 cm. layer, light Sphagnum peat. 

Ob, 150-180 cm., Eriophorum and woody peat admixture. 

Oj, 240-270 cm. layer. 

O 7 , 270-330 cm. layer, forest peat, bottom of deposit. 

Lewiston bog found to be about 425 cm. deep, at the place of sampling, with a marked 
sedimentary layer at the bottom of the profile. 

Li, Surface 1-10 cm. level, consisting of Polytrickum-Eriophorum-Sphagnum peat. 

Is, 20-25 cm. level, Sphagnum peat. 

Is, 40-50 cm. level, Sphagnum peat. 

Lb, 60-75 cm. level, Sphagnum peat. 

Lb, 240-270 cm. level, sedge peat. 

Lb, 360-400 cm. level, sedimentary peat, with a clay underground. 

The moisture content of the original peat samples and the reaction, as ex¬ 
pressed in terms of hydrogen-ion concentrations (determinations made by 
means of a quinhydrone electrode using Leeds and Northrup Type K poten¬ 
tiometer) are given in table 1. The samples were immediately air-dried as 
soon as brought to the laboratory and chemical analyses were made on the 
air-dry material. The ash and nitrogen content of the different samples are 
also given in table 1. 

The results show that the typical sphagum peats are, in agreement with the 
results obtained by other investigators, highly acid in reaction, having a pH 
of 4.0 or even less. The Sphagnum layers are low in ash and in nitrogen. 
When the sedge peat is readied, there is an immediate rise in the pH value 
and in the ash and nitrogen content. In other words, the higher the addity 
of the bog the less is its nitrogen and ash content. It is important to note that 
the minerals are usually more concentrated at the surface of the bog than in 
the lower levels, until the lowmoor or forest horizons are reached. Birk (2) 
also found previously that, although the ash content of the peat in the profile 
diminishes from the bottom toward the surface, there may be another rise 
near the very surface. 

However, the three bogs used in these investigations show considerable 
differences in this connection, depending entirely upon their topography 
and vegetation. 

The Cherryfield profile, which is the most typical highmoor peat, shows 
in the upper layers a variation in pH value from 3.73 to 4.05; there is a gradual 
decrease in addity at a depth of 180 cm. reaching in the horizon of the sedge 
peat a pH value of 5.18. The ash content varies in the upper sphagnum layers 
from 0.90 to 1.14 and is only 2.00 per cent at the immediate surface, but there 
is a considerable increase in the sedge layer to 2.83. The nitrogen varies in 
the sphagnum layers from 0.653 to 0.839 per cent, but in the sedge layer the 
nitrogen has increased to 1.845 per cent. 

In the Orono peat, the reaction is somewhat less add, varying in the sphag¬ 
num,peat horizons from pH 3.95 to 4.35, increasing rapidly to pH 5.70 in the 
sixth layer and to 6.04 in the lowest forest layer. The somewhat higher pH 
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value is accompanied by a higher ash content, ranging from 1.45 to 3.05 per 
cent in the sphagnum peat horizons, with an increase to 8.01 per cent in the 
sedge peat horizon and to 9.34 per cent in the lowest layer of the forest peat. 
The nitrogen content is just as low in the sphagnum horizons of this bog as 
in those of the previous bog (0.635 to 0.915), but there is a rapid increase in 
nitrogen in the woody-Eriophorum layer, even greater than in the sedge 
peat layer. 


TABLE 1 

Moisture content, reaction {pH), ash, and nitrogen content of various layers of three 

highmoor peat profiles 


SAMPLE NUMBER 

DEPTH OP LAYER 

MOISTURE 
CONTENT OP 
ORIGINAL SAMPLE 

REACTION OF 
FRESH PEAT 

ASH CONTENT OF 
DRY MATERIAL 

NITROGEN 
CONTENT OF DRY 
MATERIAL 


cm. 

per cent 

pB 

percent 

percent 

c, 

1-8 

92.7 

4.05 


0.653 

c, 

8-20 

92.6 

3.95 


0.684 

Cj 

20-30 

92.6 

3.85 

1.02 

0.817 

Ci 

30-46 

92.9 

3.86 

0.90 

0.839 

c, 

46-61 

93.6 

3.73 

1.06 

‘ 0.770 

C8 

183-214 

93.4 

4.47 

0.99 

0.705 

c, 

460-480 

92.4 

4.71 

1.10 

0.756 

Qo 

550-580 

92.2 

5.18 

2.83 

1.845 

Oi 

1-10 

94.2 

4.35 

3.05 

0.635 

0, 

15-20 

93.9 

4.30 

2.80 

0.646 

0, 

20-30 

91.8 

3.95 

1.84 

0.915 

Oi 

90-120 

93.7 

4.13 

1.45 

0.885 

0, 

150-180 

95.0 

4.20 

1.74 

2.105 

0, 

240-270 

92.6 

5.70 

8.01 

2.151 

0, 

270-330 

89.9 

6.04 

9.34 

1.931 

u 

1-10 

88.3 

4.10 

8.79 

1.135 

u 

20-25 

93.6 

3.99 

1.85 

0.683 

L, 

40-50 

92.8 

3.98 

1.68 

0.924 

U 

60-75 

90.0 

4.15 

1.25 

1.240 

U 

210-240 

90.1 

6.28 

4.24 


U 

360-400 

92.1 

6.86 

23.58 

2.911 


The Lewiston peat shows again somewhat different relationships due to the 
difference in the nature of the plant associations that have contributed to the 
make-up of this bog: horizons 2 to 4, which are typical sphagnum layers, have 
a pH value of 3.98 to 4.15, an ash content of 1.25 to 1.85, and a nitrogen con¬ 
tent of 0.640 to 1.240; the very surface layer of the peat is rich in ash (8.79 
per cent) and in nitrogen (1.135 per cent), but it is also fairly add (pH 4.10). 
There is a rapid decrease in acidity in the sedge horizon and especially in the 
sedimentary peat, where it reaches nearly the neutral point; a parallel increase 
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is observed in the ash content. The nitrogen content of the peat also in¬ 
creases with depth, especially in the sedimentary peat. 

The chemical analyses of the various horizons of these three peat profiles 
have been carried out according to the methods outlined previously (14). The 
results are reported in tables 2 to 4. 

The chemical complexes found in the eight different horizons of the Cherry- 
field bog (table 2), taken at various depths from the surface to a depth of 20 
feet, show all the characteristics of a highmoor peat. This is brought out by 
the large amount of fats and waxes (ether-soluble fraction), by the high cel¬ 
lulose and hemicellulose content, and by the low protein and ash content. 
The ether-soluble and alcohol-soluble substances increase with depth, the 
hemicelluloses and celluloses decrease, and the lignin-like complexes increase. 
It is interesting to note that the change from the sphagnum peat to the 
sedge peat in the deepest sample taken (Cio), which is characterized by an 


TABLE 2 

Chemical composition of a highmoor peal profile located near Cherry field f Maine 
On per cent basis of dry material 


HORIZON 

NUMBER 

ETHER 

SOLUBLE 

ALCOHOL 

SOLUBLE 

HEMI¬ 

CELLULOSES 

C CLLPLOSES 

LIGNINS 

PROTEINS 

ASH 

TOTAL 


2.35 

1.45 

26.45 

16.86 

27.18 

4.08 

2.00 

80.37 

1 

2.62 

1.92 

25.24 

14.74 

29.21 

4.28 

1.14 

78.95 


2.82 

1.83 

24.55 

15.97 

28.85 

5.11 

1.02 

80.15 


2.57 

2.08 

22.25 

13.69 

32.23 

5.24 

0.90 

78.96 


2.96 

3.20 

18.48 

14.66 

33.24 

4.81 

1.06 

78.41 


3.97 

3.15 

15.94 

15.55 

37.43 

4.41 

0.99 

81.44 


4.89 

4.29 

12.69 

11.85 

44.83 

4.73 

1.10 

84.38 


5.97 

5.06 

5.96 

5.06 

54.11 

11.53 

2.83 

90.52 


increase in pH value, in the nitrogen and in the ash content, shows also a 
considerable drop in the abundance of celluloses and hemicelluloses and a 
rapid increase in the lignin content. These phenomena are characteristic of 
lowmoor peat formations in typical lowmoor profiles. When the chemical 
composition of this highmoor profile from the extreme northeastern portion of 
the United States is compared with the composition of the highmoor peat 
profile obtained in Germany, as recorded elsewhere (15), it is found that the 
two are very much alike. 

In other words, independent of the region, topography, and history of the 
bog, the chemical composition of a definite layer in a peat profile depends 
entirely upon the nature and chemical composition of the vegetation from 
which this layer originated and the conditions under which its decomposition 
has been carried out. 

Just as a thin layer of sphagnum peat found in a forest peat profile (15) had 
all the chemical characteristics of various layers of sphagnum peat in typical 
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highmoor profiles, so does a layer of sedge, of forest, or of sedimentary peat 
in a highmoor peat profile possess all the chemical characteristics of similar 
layers in lowmoor peat profiles or sedimentary peats. In other words, these 
results show conclusively that peats, considered not only from the point of 
view of the profile as a whole but also as a series of different layers varying in 
origin and composition, can be characterized by their chemical composition; 
this may have even a more important bearing upon the applications to be 
made of these peat formations, than a knowledge of their botanical compo¬ 
sition alone. To be able to characterize a peat both by its botanical and chem- 

TABLE 3 

Chemical composition of a sphagnum peat profile near Orono , Maine 


On per cent basis of dry material 


HORIZON 

NUMBER 

ETHER 

SOLUBLE 

ALCOHOL 

SOLUBLE 

HEMI¬ 

CELLULOSES 

CELLULOSES 

LIGNINS 

PROTEINS 

ASH 

TOTAL 

0, 

1.76 

1.40 

26 30 

16.43 

19.15 

3.97 

3.05 

72.06 

0, 

2.53 

1.39 

25.51 

13.33 

22.23 

4.04 

2.80 

71.83 

0, 

2.45 

1.90 


16.23 

25.43 

5.72 

1.84 

74.49 

0, 

2.57 

2.20 

22.68 

12.07 

25.83 

5.53 

1.45 

72.33 

0, 

3.63 

2.83 

15.78 

10.84 

35.75 

13.15 

1.74 

85.01 

0, 


2.16 

5.93 

3.20 

52.79 

13.44 

8.01 

88.13 

0, 

2.73 

2.06 

4.78 


54.94 


9.34 

88.62 


TABLE 4 

Chemical composition of a sphagnum peal profile at Zeiviston t Maine 
On per cent basis of dry material 


HORIZON 

NUMBER 

ETHER 

SOLUBLE 

ALCOHOL 

SOLUBLE 

HEMI¬ 

CELLULOSES 

CELLULOSES 

LIGNINS 

PROTEINS 

ASH 

TOTAL 

U 

2.90 

2.10 


9.72 

26.96 

7.09 

8.79 

75.65 

L, 

1.73 

1.37 

26.57 


21.49 

4.27 

1.85 

71.34 

L* 

4.83 

2.75 

13.82 


35.85 

5.78 

1.68 

76.11 

L4 

3.55 

3.81 

11.15 


47.47 

7.75 

1.25 

84.06 

Lj 

2.24 

1.86 

5.60 


37.44 

18.19 

23.58 

90.31 


ical composition is of course of even greater significance for gaining an under¬ 
standing of bog formations and their practical utilization. 

Table 3 gives the analyses of the Orono peat profile. In this bog as well, 
the upper four horizons consist largely of sphagnum peat which is characterized 
by a high acidity, a low ash and nitrogen content, a high hemicellulose and 
cellulose content, and a rather low lignin content. The fifth horizon (O 5 ) 
forms a transition to the sedge layers of peat. This is characterized by a slow 
but gradual increase in pH value, a rapid increase in the nitrogen, a gradual 
but marked decrease in the celluloses and hemicelluloses, and a definite in¬ 
crease in the lignin-like complexes. 
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The lowest two horizons of this profile consist of sedge and forest peat. In 
chemical composition, these two layers are found to be typical of sedge and 
forest peats. This is brought out by a rapid decrease in acidity or increase in 
pH value, a decided increase in the ash content, a high nitrogen content, a 
decrease in the celluloses and hemicelluloses, and an increase in the lignins. 
A definite parallelism is thus found again between the acidity of the peat 
formation and the cellulose and hemicellulose content, while an inverse relation 
is found to exist between these and the high ash, protein, and lignin content. 
A high acidity (low pH) indicates a characteristic growth of Sphagnum and 
Eriophorum ; it indicates the presence of certain types of celluloses and hemi¬ 
celluloses and their slow decomposition; it indicates a low protein content due 
to ins ufficient activities of the microorganisms. On the other hand, a low 
acidity points to a vegetation of grasses, to a rapid decomposition of the 
hemicelluloses and the celluloses, and to an accumulation of the lignins, pro¬ 
teins, and minerals. 

An examination of the results obtained in the analysis of the various horizons 
of the Lewiston peat profile tends to confirm fully the above considerations. 
Here as well, the upper four horizons are markedly acid in reaction and re¬ 
present a peat formed by a mixed vegetation of Sphagnum and Ericaceous 
shrubs. In chemical composition, these horizons are very similar to the upper 
corresponding horizons of the Orono profile, with certain distinctive differences 
due of course to the fact that both the vegetation and the conditions of de¬ 
composition are somewhat different in the two bogs. The sphagnum horizons 
are highly add, have a low ash (except the surface layer) and nitrogen content, 
a high cellulose and hemicellulose content, and a low lignin content; the lowest 
or the fourth of these horizons (L*), still acid in reaction and low in ash, shows 
already a marked diminution in the hemicellulose and cellulose content and 
an increase in lignins. When the sedge and sedimentary horizons are reached, 
there is a decrease in acidity, an increase in ash and nitrogen content, a de¬ 
crease in celluloses and hemicelluloses, and an increase in the lignins. 

This third profile is not a typical highmoor as the Cherryfield profile is and 
as the German peat profile described previously was. It represents a certain 
intermediary stage in the nature of its vegetation; it does not show as dis¬ 
tinct differences in the chemical composition as do the typical highmoor and 
lowmoor profiles. However, the chemical composition of the various horizons 
in even such an uncharacteristic profile throws definite light upon the 
nature of peat formations. 

Attention is here again called to the fact that in the lowmoor and forest 
peats, as well as in the sedge, forest, and sedimentary layersof highmoor peats, 
the sum total of the various organic and inorganic complexes accounted for 
in the proximate chemical analysis is about 90 per cent and frequently more. 
However, in the sphagnum peats the sum total of the chemical constituents 
accounted for by this method is only 72 to 80 per cent. This is largely because 
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in the treatment of the peat with 2 per cent hot hydrochloric acid, following the 
treatment with ether, alcohol, and water, about 50 to 55 per cent of the or ganic 
constituents are brought into solution; but of this, only about a half is ac¬ 
counted for in the form of reducing sugars and recorded as hemicelluloses 
(after multiplying the reducing sugar by 0.9) ? Since the nitrogenous com¬ 
plexes and the ash fraction brought into solution by the dilute acid do not 
in account for more than2 to4per centof this extract, 20 to 25 per centof the 
organic constituents of the sphagnum peat which are soluble in hot dilute 
acids, but which do not give any reducing sugars, remain unaccounted for. 
This fraction includes various pectins and gum-like complexes, which give on 
hydrolysis organic acids and other non-reducing substances. It may also in¬ 
clude certain polysaccharides which give furfural even on boiling with dilute 
acid and which are lost therefore from the determination. A study of the 
chemical nature of this complex will soon be undertaken. 

A large number of anaerobic bacteria were found in the various horizons 
of the profile. These bacteria are largely anaerobic in nature although many 
of them are facultative anaerobes and can, therefore, live also under aerobic 
conditions. These organisms were found in an active state and their numbers 
do not diminish with the depth of the bog but even tend to increase. They 
bring about the decomposition processes taking place slowly in the bogs. A 
detailed study of the nature of these organisms and their activities will be 
published in a subsequent contribution. 

SUMMARY 

A study has been made of the chemical composition of the organic constit¬ 
uents of three sphagnum peat bogs in Maine, one of which was a typical 
highmoor bog. 

The sphagnum horizons are very acid in reaction, of a pH around 4.0. The 
high acidity is always accompanied by a low ash (except sometimes at the 
very surface of the bog) and nitrogen content; a high cellulose, hemicellulose, 
fat, and wax content; and a low lignin content. 

With the transition of the sphagnum layers into a sedge, forest, or sedi¬ 
mentary peat layer, there is an immediate rise in the pH value, an increase 
in the ash, a decrease in the cellulose and hemicellulose, and an increase in 
the protein and the lignin contents. 

The chemical composition of the organic and inorganic complexes of peat 
bogs is quite sufficient for the description of these bogs, and a knowledge of 
this composition is of special importance from the point of view of the practical 
utilization of the bogs. When this information can be combined with a careful 
botanical description of the vegetation which has contributed to the formation 
of the various horizons, the results are of even greater significance for our 
understanding of the nature of the peat formations, their origin, and the 
methods of handling when brought under cultivation. 
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Investigations on the influence of specific kinds of materials on the develop¬ 
ment of soil fungi have been rather limited. Some phases of the subject of 
soil mycology and of the part that soil fungi play in the economy of the soil 
are only in the beginning stage. Enough work has been done, however, to 
indicate that soils changed by the addition of various materials which influ¬ 
ence bacterial content and activity, also influence changes in soil fungi (5). 
Waksman (6) quotes the results of some investigators in which it was found 
that the addition of stable manure stimulated the development of Penicillia 
and Mucorales , and that pure cellulose in the presence of available nitrogen 
brings about an extensive development of Trichoderma, Fusarium, Verticillium, 
Monosporium, and certain Penicillia . The writer (3) found Mucor , Rhizopus , 
and Altemaria predominating in alfalfa root treated soils, Cladosporium in 
straw treated soils, and Aspergillus and PeniciUium in sweet clover root treated 
soils. 

The previous work seems to indicate that different kinds of organic mate¬ 
rials influence to some extent the types of soil fungi which are most active in 
the soil. In previous studies by the author, sweet clover and alfalfa tops and 
roots seemed to differ in substance enough to warrant further study, so the 
experiment described below was planned and carried through. 

PLAN OF THE EXPERIMENT 

One-gallon glazed jars were filled with a day loam soil of pH 7.5. The soil 
used was secured at a depth of 6 feet in the spring of 1928, and was left exposed 
until September, 1928. No plant material had obtained a foothold. Very 
slight summer showers were all the moisture which the soil had received. 
The surface 2 inches of a pile of this soil was removed and the soil used for the 
experiment was secured from this depth down to 12 to 18 inches. One per 
cent of air-dried ground alfalfa roots having a total nitrogen content of 1.33 
per cent was added to each of three jars. Similar jars of soil were treated with 
corresponding amounts of dried and ground alfalfa tops, sweet clover tops, and 
sweet clover roots having a nitrogen content of 2.25 per cent, 2,30 per cent, and 
0.77 per cent respectively. Three jars of soil were used as controls. The 
ft-lfalf fl roots were obtained to a depth of 12 inches from a 5-year-old alfalfa 
field and the tops were taken from the first crop at about the half mature stage. 
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The sweet clover roots were obtained to a depth of 12 inches from a second- 
year growth of sweet clover and the tops were approximately one-third grown. 
The moisture content of the soils was then brought to 25 per cent dry basis. 
All of the jars were kept under laboratory conditions at room temperatures 
varying from 19° to 21°C. 



Fig. 1, Graph Indicating the Relative Development or Fungt at Different 
Periods of Time 

Columns 1, 2, 3, 4 f and 5 represent sweet clover roots, alfalfa roots, sweet clover tops, 
alfalfa tops and checks, respectively. 

At intervals of 1, 3, 5, 7, and 10 weeks, the soils were sampled and mold 
counts and identification of mold genera were made for each sample. As 
previously mentioned, each soil was treated in triplicate. Four plates were 
poured from each sample, thus making 12 plates for each treatment. The 
average of each 12-plate group is given in the tables. Raisin agar described 
by Waksman (4) was used as the medium. The identification of the molds 
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produced on the plates was made according to the descriptions given by Buch¬ 
anan (1), Gilman and Abbot (2), and Waksman (7). 

DISCUSSION 

It will be noticed that no counts are given in table 1 for the 7- and 21-day 
periods. When the plates were examined at the end of 3 days, they were so 
completely overgrown with species of Mucor that it was impossible to make 
counts. At the end of the 35-day period, the Mucors grew more slowly and 
the mycelium filled the plates less densely. It was, therefore, possible to make 
counts and study the types developed. The Penicillium colonies were very 
small. The results obtained at the 49-day period indicated a further retarda¬ 
tion in the development of Mucors . There was, however, a slight increase in 
numbers. There was also a greater variation in the types developed. The 
70-day period showed a very slow growth of Mucors. The Penicillium colonies 
were larger but fewer in number. The total number of molds for each period 
of determination diminished as the time of incubation increased. 

As indicated in table 2, the sweet clover roots had a different influence on 
mold development. During the first period, the Mucors developed in larger 
numbers but their growth was very slow compared to the sweet clover top 
treatments. There were many large colonies of Monillia at first, but after 35 
days, they decreased rapidly. The PeniciUium colonies were the predomi¬ 
nant fungi for clover roots in every period. Their numbers tended to decrease 
with time, but not so rapidly as did the Monillia and the Mucors. For some 
reason, the Mucors did not show much development during the 21-day period, 
particularly when compared with the 35-day period. The Monillia and Peni- 
cillia were about the same as in the previous sampling. In 35 days, the varia¬ 
tion in types was more marked but all the colonies were very small. In the 49- 
day determination, it was found that the numbers had diminished, the Mucors 
grew more slowly and the Monillia were relatively quite large. The 70-day 
period failed to show much change in rate of growth and size of colonies. There 
were fewer fungi but the decrease occurred in all types, although the Penicil¬ 
lium showed the least relative change. There was also a slightly greater varia¬ 
tion in mold type. As the incubation period lengthened the total number of 
colonies decreased in numbers, the same was noted for the tops, but the tops 
maintained its Mucor growth while the roots declined. Another significant 
difference is that the clover tops supported almost no Monillia, but the roots 
showed at least some in every period. The flora of the clover tops is largely 
confined to the Mucor and Penicillium types and is not nearly so variable as 
the tops. 

Table 3 shows that alfalfa tops had about the same influence as sweet clover 
tops on Mucor development for the first 21 days of incubation. It was im¬ 
possible to make counts because of the vigorous and rapid growth of the 
Mucors . The 35-day period indicates a predominance of Mucors 9 but they 
grew more slowly and did not fill the plates with mycelium. Monillia were 
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TABLE 1 

Effect of sweet clover tops incorporated with the soil on the development of numbers and 

types of soil fungi 

Number per gram of soil and average of 12 plates reported 



7 DAYS 

21 DAYS 

35 DAYS 

1 

49 DAYS 

70 DAYS 

Total. 

mmm 


48,000 

43,000 

280 

1,200 

270 

20,000 

21,250 

32,812 

Zygorhynchus . 

) 


Monillia .. 

Plates overgrown 
k with Mucor in 

3 days 


312 

Aspergillus . 

6,000 

23,000 

19,000 

Penicillium . 

12,500 

20,000 

Mucor . 



TABLE 2 

Effect of sweet clover roots incorporated with the soil on the development of numbers and 
types of soil fungi 

Number per gram of soil and average of 12 plates reported 


! 

7 DAYS 

21 DAYS 

35 DAYS 

49 DAYS 

70 DAYS 

Total. 

70,000 

68,000 

64,400 

43,150 

48,300 

2,500 

Sporotrichum . 

Botrytis . 



200 

1,250 

7,500 

400 

37.500 

14.500 

3,250 

Zygorhynchus . 



1,000 

200 

1,500 

26,250 

2,750 

Monillia ... 

17,500 

18,000 

3,625 

Aspergillus . 

Penicillium . 

37,500 

15,000 

47,500 

2,500 

29,000 

7,250 

Mucor . 



TABLE 3 

Effect of alfalfa lops incorporated with the soil on the devdop^nent of numbers and 
types of soil fungi 

Number per gram of soil and average of 12 plates reported 



7 DAYS 

21 DAYS 

35 DAYS 

49 days 

70 DAYS 

Total. 



72,450 

36,780 

38,650 

200 

8,200 

Botrytis . 

1 


Alternaria .. 

Plates overgrown 
■ with Mucor in 

3 days 



Trichoderma . 


1,250 

Rhizopus . 

4,000 

200 

25,000 

16,250 

27,000 


Aspergillus . 

2,500 

2,500 

16,250 

14,280 

500 

6.500 

7.500 
15,750 

Monillia .*. 

Penicillium . 

Mucor . 

































































EFFECT OF CLOVER AND ALFALFA ON FUNGI 


403 


very noticeable in their development. All the other colony types were small; 
particularly was this the case with the Penicillium colonies which ranked third 
in number of colonies. At the end of the 49-day period, Rhizopus developed 
as also did the Trichoderma, although in total numbers, they did not approach 
the kinds mentioned above. The Mucors grew more slowly. At the end of 
70 days, the Mucors continued to diminish in vigor, although not in numbers. 

TABLE 4 

Effect of alfalfa roots incorporated with the soil on the development of numbers and 

types of soil fungi 

Number per gram of soil and average of 12 plates reported 



7 days 

21 DAYS 

■ 

35 DAYS 

49 DAYS 

70 DAYS 

Total. 

70,000 

61,000 

60,500 

47,000 

; 

3.500 
1,250 

300 

7.500 
300 

17,800 

Botrytis ... 

Trichoderma. .. 




550 

Alternaria . 



300 

6,500 

1,115 

11,750 

7,750 

39,200 

Zygorhynchus . 




Rhizopus ... 



8,750 

Aspergillus ... 



Monillia . 

20,000 

42,500 

7,500 

18,000 

40,500 

2,500 

11,750 

22,500 

2,500 

32,500 

2,500 

Penicillium . 

Mucor . 





TABLE 5 

Numbers and types of soil fungi developed in soil without treatment with organic matter and 
used as controls for this experiment 


Number per gram of soil and averages of 12 plates reported 



7 DAYS 

21 DAYS 

35 DAYS 

49 DAYS 

70 DAYS 

Total... 

7,900 

7,550 

4,055 

4,740 

600 

3,200 

Trichoderma . 

Zygorhynchus . . . 





200 

Aspergillus ... 



800 

Rhizopus. .. -1 . 



Monillia . 

1,250 

400 

3,700 

1,250 

2,600 




Penicillium ... 

400 

1IK551 

2,000 

200 

Mucor ... 

6,250 


200 




The other types grew fairly large. There was a decrease in numbers as the 
length of time of incubation increased. This decrease was due to a diminu¬ 
tion in all three of the main types of fungi but especially in the Monillia. 

Table 4 presents the results following alfalfa root incorporations. The 
Mucors during the first period were few in number and their growth was very 
slow. The Penicillia grew quite rapidly and the colonies were relatively large 
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compared to the previous organic matter treatments. The Monillia grew 
more vigorously than in any of the previous treatments, with the possible 
exception of alfalfa tops. The 21-day samples indicated a very similar growth 
to the first week, the Mucors being fewer and slower in growth. The 35-day 
determinations showed a greater variation in colony types. There was no 
Mucor growth. The Monillia colonies were the largest that had been noticed 
thus far in the investigation. The 49-day period, as in the previous one, failed 
to show any Mucor development. There was a greater variation in types and 
the Monillia were the predominating colonies on the plates. The 70-day 
studies indicated a growth very similar to the 49-day determinations. The 
numbers had decreased more than previously. 

The results from the controls, given in table 5, show a very poor growth 
of molds. The colonies were very slow in growing and the numbers were very 
few compared to the treated soils. During the 7-day period, the Mucors 
were small and the Monillia large. In three weeks the colony development 
had diminished. In five weeks there was a greater variation in types but 
fewer numbers. This was indicated also in the 7-week and 10-week 
determinations. 

The most noticeable fact in all of these studies is that sweet clover tops and 
alfalfa tops stimulated a very vigorous Mucor development during the early 
part of the incubation period. The roots encouraged a greater variation in 
types. The Monillia colonies developed very noticeably in the alfalfa-treated 
soils, particularly with the root incorporations. 

Comparing the number of colonies found in the two sources of organic 
matter, it is significant to note that the Mucors do not grow so abundantly in 
alfalfa as in clover. The only exception to this is for the tops during the 35- 
day period and the roots during the second period, when they were equal. 
The Monillia, on the other hand, are distinctly more numerous in the alfalfa 
treated soils, especially for the tops, and for the roots during the latter part of 
the experiment. The Penicillia do not show any well-defined reaction to either 
source of plant material, but are irregular at the different times when counts 
were made. On the whole, alfalfa tends to support a good growth of a wider 
variety of fungi than does clover, but during the first two periods when the 
greatest numbers of organisms were at work, the roots of both supported no 
recognizable fungi except Mucor , Penicillia, and Monillia. 

Organic matter is a factor in mold development. One year ago, the writer 
attempted a similar study using a soil that had been cultivated for several 
years and had a nitrate content at the beginning of 40 p.p.m. The varia¬ 
tion in types of organic materials added failed to show differences in mold 
development. The soil used in this experiment, however, never had grown 
a crop and the nitrate content at the beginning was 13 p.p,m. To study the 
influence of different kinds of organic matter on mold development, it is evi¬ 
dent that a soil low in organic matter is essential. It may be that the nitrogen 
content of the organic material added is a distinct factor in the type of mold 
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development. The rate at which this nitrogen is made available also must be 
considered because in the soils when a vigorous nitrate accumulation occurred 
there was the greatest Mucor development. 

CONCLUSION 

When a day loam subsoil is treated with alfalfa roots and tops and sweet 
dover roots and tops, these treatments influence the types of molds developed 
on that soil. The more succulent the material, the greater the stimulation 
to the development of Mucors. As the period of decay lengthens, there is a 
noticeable decrease in total numbers and also in the rapidity of development, 
particularly of the Mucors . The alfalfa root and sweet dover root incorpora¬ 
tions do not influence the development as much as do the corresponding tops, 
but the roots increase the number of Penidllia more than do the tops. 

Mucors grow more rapidly in soil containing either the tops or the roots of 
sweet dover than they do with incorporations of the corresponding parts of 
alfalfa, but the opposite may be said of the Monillia. The incorporation of 
alfalfa in a soil favors a wider variety of molds than does the incorporation of 
sweet clover. In general, the total number of colonies is greater in alfalfa 
treated soil than in sweet dover treated soil. After a period of 35 days, or 
after the subsidence of the vigorous growth of Mucors following the incorpora¬ 
tion of the tops, the total number of colonies of molds is greater in soils treated 
with roots than it is in soils treated with tops of either alfalfa or sweet clover, 
and this is largely due to the greater number of Penicillia, although the roots 
also tend to have a greater variety of molds. 
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Of the three methods generally used for the determination of carbonates 
in the soil—titrimetric, volumetric, and gravimetric—the gravimetric has 
fallen to a certain extent into disfavor and has received little attention for 
some time. Cain (5) cited many of the difficulties encountered in the absorp¬ 
tion of carbon dioxide and the weighing of the absorbent, and soil chemists 
have not made any serious effort to improve the process, although it is generally 
accepted that the method gives very accurate results if precautions are ob¬ 
served (16). 

The procedure can be stated briefly as the production of carbon dioxide 
from the carbonates by the action of dilute acid on the soil; the purification, 
drying, and absorption of the resulting gas, by drawing it through a “train” 
by aspiration; and the final weighing of the absorbing material. The chief 
precautions needed are: 1. the preliminary sweeping out of all traces of car¬ 
bon dioxide from the apparatus; 2. the decomposition of all the carbonates 
in the soil without an attacking of the organic matter—a difficulty shared 
with the gas-volumetric and titrimetric methods; 3. the removal of the air 
from the absorption bulb with the same water content as it has on entering. 
Errors may also be incurred by the variation in the amount of moisture on 
the surface of the absorbing bulb* In the apparatus described hereafter, we 
have made an adaptation which shortens the time needed for sweeping out 
the carbon dioxide; the decomposition of the carbonates has been accelerated; 
the time taken both for the absorption and for the weighing has been materi¬ 
ally reduced. 

The old method of heating the soil with strong acid in order to set free the 
carbon dioxide was abandoned because of the action on the organic matter. 
Marr (10) at Rothamsted, after trying a variety of methods, finally distilled 
the soil with dilute HC1 under reduced pressure at 50°C. for 20 minutes. He 
claimed that under these conditions no decomposition of organic matter took 
place, and carbonates were readily decomposed. Marr at the same time con¬ 
firmed the conclusion of Amos (2) that occlusion of carbon dioxide in air-dry 
soil did not take place to any extent; this is also in accordance with our ob¬ 
servations. Maclntire and Willis (8) suggested H3PO4 for the acid, but re- 

1 Contribution from the Department of Chemistry, 
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turned later to HC1 (9) as the phosphoric acid failed to give complete decom¬ 
position of all carbonates in 30 minutes. 1:10 HC1 was recommended by them 
for most soils and 1:5 for soils with greater than 15 per cent CaCOs. They 
state “We have found that the action of 1:10 HC1 on soil organic matter at 
room temperature is altogether negligible upon 5, 10, 20 gm. charges of the 
average soil.” They also observe that if residual magnesite occurs in a soil 
“neither boiling for 1 minute, or several minutes, nor the Marr method, nor 
the Tennessee Station method will effect the complete decomposition of the 
mineral magnesium carbonate.” Such soils are of rare occurrence, but they 
needed boiling for 30 minutes to get complete decomposition. 



IU 


Fig. 1, Stirrer with Mercury Seal 

Maclntire and Willis noted the necessity for shaking the soil with the acid 
and devised a multiple shaking apparatus which was later adopted by the 
Association of Official Agricultural Chemists. Truog (17) avoided the shaking 
by bubbling the COrfree air through the soil solution. In a previous report 
(6) we have noted the fineness to which soil is brought by continuous stirring, 
and in place of shaking we therefore introduced a stirrer combined with the 
mercury seal. 

The stirrer with mercury seal was described by Briihl (4) and has become 
increasingly useful to the organic chemist (1). It can be applied frequently 
to soil problems. Figure 1 shows the stirring rod attached by a stopper (a) 
to the inverted tube which revolves with it. This tube is sealed to the passage 
of gas by the mercury in the outer tube (6). The tube (c) connects the seal 
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with the flask; the stirring rod, slightly greased, fits fairly dosely into this. 
It is convenient to attach one of the small 1/8 H.P. stirring motors directly 
to the stirring rod to avoid vibration. An innovation is the presence of the 
extra inlet (d) which passes inside the revolving tube and terminates above 
the level of the mercury; this enables air to be drawn through the seal, effec¬ 
tively preventing any carbon dioxide from staying in the air spaces. 

Preliminary stirring is unnecessary: a soil which was stirred with water 
free from carbon dioxide for 5 hours before adding the HC1, did not give any 
increase in the final amount of carbon dioxide compared to the same soil when 
stirred only during the time of aspiration. The speed of evolution of the gas 
without preliminary stirring was equal to the rate of production from the soil 
which had been previously stirred, indicating that the stirring during aspira¬ 
tion allows the acid to attack the carbonates with rapidity, as well as holding 
to a minimum the solution of carbon dioxide in the liquid (8). We have used 
a concentration of acid sufficient to make a 1:10 HC1 in the flask when added 
to the soil and water. For soils with a high concentration of carbonates, or 
for lime materials, we have included sufficient acid to obtain approximately 
1:10 HC1 in the flask after the reaction, and have added the acid slowly. 

A solution of potassium hydroxide is effective when used as the absorbent 
for the carbon dioxide but it necessitates slow aspiration. In order to ac¬ 
celerate the passage of the air, ascarite has been utilized. This sodium hy¬ 
droxide, asbestos mixture was introduced in work on steel by Stetser and 
Norton (15) who found that the ascarite retained the water produced by the 
absorption of the carbon dioxide. Marsh (11), however, reported against its 
use for soils. He states that gases must be drawn or forced through the ab¬ 
sorbing medium for periods varying from 12 to 48 hours or more, and as the 
ascarite lost water after 5 hours, he concluded that “where long runs are 
necessary as in the determination of COa production from soil, ascarite because 
of loss of moisture, can not be successfully used. ,, 

A possible means of adapting ascarite for soils was pointed out by Under¬ 
wood (18). In the direct determination of carbon dioxide in limestone 
Underwood passed the gas over phosphorus pentoxide before it entered a 
Midvale absorption bulb containing the ascarite, and again over the pentoxide 
before it left the bulb. In this way he took care of any excess moisture which 
was not absorbed by the ascarite. We have used a U tube with glass stop¬ 
cocks for the absorbing materials. Approximately one-half inch of phos¬ 
phorus pentoxide is placed on glass wool on the ascarite where the gases emerge 
from the tube. This allows of much faster aspiration than if a potassium 
hydroxide solution is used, and it is easy to see when the material should 
be renewed. 

A drying agent, which compares well with phosphoruspentoxideinabsorptive 
capacity and has several advantages, is magnesium perchlorate trihydrate, 
sold under the name “dehydrite.” This was tested by Willard and Smith 
(19) and has been used by a number of investigators for carbon determinations 
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(3,14); it has been applied by Lee and Brown (7) to biological processes. The 
dehydrite can be used until it increases in weight 20 to 25 per cent, and does 
not become sticky when charging the tubes. It gives little resistance to the 
gas and when used shrinks so that it does not stick or clog. This can replace 
the phosphorus pentoxide, but we have used a somewhat larger quantity of 
the dehvdrite in the weighing tube. 

In order to facilitate the removal of the tube from the train, the arms may 
be ground to make glass joints, instead of being attached with rubber connec- 

TABLE 1 

Weight of U tubes without aspiration 


MINUTES IN BALANCE CASE 



5 

15 

25 

Wiped with alcohol, etc. 

82.8876 

82.8877 

82.8880 

Repeated. 

82.8876 

82.8879 

82.8880 

Repeated. 

82.8876 

82.8876 

82.8881 

Wiped with alcohol, etc. 

82.8879 

82.8881 

82.8882 

Repeated. 

82.8878 

82.8881 

82.8882 

Wiped with alcohol, etc. 

34.8027 

34.8028 

34.8029 

Repeated. 

34.8026 

34.8028 

34.8029 

Repeated. 

34.8026 

34.8028 

34.8029 


TABLE 2 


Weight of U tubes with aspiration 


TREATMENT 

HOURS 

ASPIRATED 

MINUTES IN BALANCE CASE 

5 

10 

15 

20 

Preliminary. 

1,25 

60.2356 

60.2358 

60.2360 

60.2360 

i 


1.25 

60.2683 

60.2682 

60.2682 

60.2683 

HC1 added...j 


1.5 

60.2685 

60.2685 

60.2688 

60.2688 


4.5 

60.2696 

60.2695 

60.2696 

60.2696 



1.0 

60.2696 

60.2698 

60.2699 

60.2699 

CaCOj per cent . 


0.515 

0.515 

0.514 

0.514 


tions* The U tube is wiped off with an alcohol-dampened cloth and after¬ 
wards with a dry cloth: it is then placed in the balance case for a few minutes 
before weighing. We have found, even with a large U tube weighing 80 gm. 
when filled, that the original weight rarely changes more than 0.2 to 0.3 mgm. 
when it is left in the laboratory air for the five or six hours necessary for aspi¬ 
ration. Tubes weighing from 40 to 60 gm. when packed with the ascarite 
and P*Ofi or dehydrite give a volume of sufficient size for a large number of 
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soil determinations; weighing with a tare is generally unnecessary if tubes are 
wiped off and weighed at the beginning of the run, although the weight will 
alter on long standing. Table 1 gives figures for both large and small tubes 
after being wiped with alcohol. Weights were standardized and weighings 
made as outlined by Richards (13) and are reported to the nearest 0.1 mgm. 

From the figures given it will be seen that the gain in weight is very slow 
after 5 minutes in die balance case. Table 1 shows that consistent results 
can be obtained by wiping with the alcohol-dampened doth, followed by a 
dry doth and weighing after S minutes. Pregl (12) suggests the final wiping 
should be with chamois skin in microanalytical work in order to prevent 
electrification, and this procedure can be recommended. Table 2 gives figures 
for an actual series of weighings during a run on soil, with the C0 2 calculated 
as CaCO*. A sample of Iceland Spar gave the following results: wdght after 



5 minutes, 99.85 per cent CaC0 3 ; after 10 minutes, 99.84; 15 minutes, 99.85; 
20 minutes, 99.86. 

In figure 2, numbers 1, 2, and 3 serve to remove carbon dioxide from the 
air. The dropping funnel 4 is fitted with a rubber stopper, and is filled com¬ 
pletely with the hydrochloric add. A small water condenser, made of two 
glass tubes, has been found satisfactory for substances which do not need 
boiling; this protects from too much dilution the silver sulfate which is to 
catch the hydrochloric add. When a silver predpitate forms it is easily re¬ 
moved through the stopcock at the bottom, and by creating a slight vacuum, 
a fresh solution is sucked up. The concentrated sulfuric in the following fun¬ 
nels can be replaced in the same way. The glass tubes in these are drawn to 
fine points, as in numbers 1 and 2, to decrease the size of the bubbles. Under 
the conditions the phosphorus pentoxide or dehydrite in 11 lasts for a long 
time without renewal. If the absorption tube 12 is fastened with rubber 
connections instead of ground glass joints, care must be taken that small 
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partides of rubber do not get inside the arms. Other joints may be wiped 
with benzene saturated with equal parts of paraffin and beeswax. 

PROCEDURE 

From 5 to 20 gm. of soil which has been passed through a 1-mm. sieve, is 
placed in flask 5 and washed down with a little COj-free water. Air is then 
drawn through the apparatus by running water from the aspirator; by the 
use of the three-way stopcock at A the CXVfree air can be taken through the 


TABLE 3 

Carbon dioxide from soil, calcium carbonate and mixtures 


SAMPLE 

TEMPERA¬ 

TURE 

WEIGHT 

of son. 

WEIGHT 

OF 

CaCO, 

ASPIRATION TO 
CONSTANT 
WEIGHT 

WEIGHT 

OF 

CO, 

CaCO, 

IN 

SAMPLE 

CaCO, 
in son 



gm. 

gm. 

hours 

liters 

gm. 

per cent 

percent^ 

Trplj».r»d spar. 

Room 


1.8171 

5 

15 

0.7978 

99.85 


XrpanH spar.,. 

Room 


1.9912 

4 

13 

0.8748 

99.92 


TrplnnH spar. 

Room 


1.2210 

4.5 

14 

0.5373 

100.00 


Iceland spar. 

Room 


1.9414 

3.75 

14 

0.8534 

99.98 







Av 

erage 

99.94 


Soil 10. 

Room 

5.0000 


5.25 

14 

0.1305 

5.94 


Soil -I- spar. 

Room 

5.0000 

1.6219 

4.5 

19 

0.8431 


5.93 

Soil 10. . 

50° 

5.0000 


3.25* 

9 

0.1318 

6.00 


Soil 22c. 

Room 

10.0000 


4 

13.5 

0.4898 

11.14 


Soil 22c + spar. 

Room 

10.0000 

1.2430 

6 

17 

1.0357 


11.13 

Soil 22c. 

50° 

10.0000 


4* 

12 

0.4942 

11.24 


Soil 22c + spar. 

50° 

10.0000 

1.2430 

1.25* 

5 

1.0373 


11.17 

CaCO,. 

Room 


0.3276 

5.5 

24 

0.1398 

97.05 


Soil 32. 

Room 

15.0000 


7.25 

20 

0.0340 

0.52 


Soil 32 + CaCO,. 

Room 

15.0000 

0.2757 

5.75 

32 

0.1511 


0.51 

Soil 32.'. 

50° 

15.0000 


7.25* 

16 

0.0356 

0.54 

Soil 32 +CaCO,. 

50° 

15.0000 

0.2757 

3.00* 

14 

0.1520 


0.53 


* After aspiration at room temperature as above. Final figures were the same when soil 
was run at 50° from the time of adding add. 

t Total in mixture minus amount in CaCO, as found at room temperature. 


stirrer or through the funnel 4. If there are no leaks, when the inlet at 1 is 
dosed for a few minutes, the water will cease to flow. Stopcocks are then 
dosed and tube 12 is weighed as described, and the aspiration repeated until 
the weight is constant. The tube is replaced in the train and funnel 4 filled 
with the dilute hydrochloric add. Before opening B stirring and aspiration 
are started, and then A and B turned to allow a few drops at a time to pass 
into flask 5. When all the add is in the flask, aspiration proceeds slowly at 
first, and is gradually increased and continued until no change in weight in 
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the absorption bulb occurs. The COjrfree air is drawn through the mercury 
seal or through funnel 4 as desired. Between runs the stopcocks are closed, 
so that the drying parts of the system 8, 9, 10, and 11 are kept free from the 
outside air. After the introduction of the soil into S, the three-way stopcock 
may be opened at D and air drawn through from 1 to D; this materially ac¬ 
celerates the preliminary removal of the CO 2 from the apparatus. 

The three soils reported contain very widely differing amounts of carbonate. 
It will be seen from table 3 that in the mixture of soil and carbonate, when the 
CO 2 in the Iceland spar is subtracted from the mixture, the recovery of the 
C0 2 from the soil is almost identically the same as it is when the soil only is 
used. At 50° there is a slight increase in the amount of CO 2 given off. Mac- 
Intire and Willis ascribe this to a decomposition of the organic matter at the 
higher temperature (8), and this seems to be the case. Saturated CO 2 water 
with HC1 was aspirated and all the CO 2 was removed in about 2 hours at room 
temperature. No increase in weight was found by raising the temperature to 
50°. Similarly the Iceland spar showed no increase in the weight of CO 2 on 
running at 50°. The indication is that the increase when soil is present is 
due to the action on the soil and not to any C0 2 dissolved in the water. 

During the time of aspiration little or no attention is needed —five to seven 
hours has been found long enough in almost all cases for the U tube to come 
to constant weight. 

SUMMARY 

1. An improved method for the gravimetric determination of soil carbonates 
has been outlined. 

2. The method makes use of ascarite and either dehydrite or phosphorus 
pentoxide as absorbents. 

3. The soil mixture is stirred instead of shaken, and the mercury seal is 
adapted for this purpose. 

4. One to ten hydrochloric acid is used at room temperature. At 50° there 
is a slight increase in the amount of C0 2 given off. 

5. Figures are given for determinations on three soils containing widely 
differing amounts of carbonates, both alone and mixed with calcium carbonate. 
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American soils as seen by Russian investigators, by J. S. Joffe and I. Antipov-Karataev, Soil 

Science, Vol. XXVII 

Papes 161 —Second line from bottom, 240 should read 740. 

Page 162—Sixth line from bottom, 310 should read 31°. 

Microbiological activities in the soil of an upland bog in eastern North Carolina , by I. V. Shunk, 

Soil Science, Vol, XXVII 

Pages 288 and 291 , the cuts for figures 1 and 2 should be reversed, the legends being left 
unchanged in their present positions. 




THE RELATIONSHIP OF SOIL TYPE TO THE CALCIUM AND MAG¬ 
NESIUM CONTENT OF GREEN BEAN STEMS AND LEAVES 
AND OF THEIR EXPRESSED JUICE 1 

J. F. FONDER 8 
Michigan State College 
Received for publication January 2,1929 

In a previous paper (9) the influence of soil type upon the calcium and mag¬ 
nesium content of alfalfa was discussed. Data on the relationship of soil 
type to the calcium and magnesium content of the bean plant are set forth 
in this paper. 

Since beans grow readily under greenhouse conditions, thus permitting of 
carefully controlled experiments, it was possible not only to determine varia¬ 
tions in the composition of the plants with respect to calcium and magnesium 
but also to study the relationships between certain characteristics of the soils 
and the calcium and magnesium content of the plants. These data are made 
a major part of the discussion included herein. 

REVIEW 03? LITERATURE 

Burd (4) showed that the correlation between the amounts of plant-food 
in uncropped soil and the crop-producing power of the soil is sufficiently great 
to justify the belief that the amounts are a measure of the soil’s crop-producing 
power. Duley (7) found no very definite correlation between the calcium in 
the soil solution and the soil’s ability to produce crops under field condition. 
According to Russell (22), Brazeale’s work shows that small variations in the 
concentration of the soil solution are without effect on the growth of plants, 
but Rothamsted’s experiments have shown the growth of crops to vary directly 
with the concentration of the soil solution. 

Since the addition of some fertilizers enriches the soil solution, as explained 
by Kelley (IS), and since several workers (1, 10, 16, 17, 19) have found that 
the addition of fertilizers influences the composition of plants, it is possible 
that there is a relationship between the composition of the soil solution and the 
composition of plants. 

Burd (4) asserts that good, uncropped soils may contain considerably more 
solutes than poor, uncropped soils, but both good and poor soils are reduced 
to the same low level by growing plants. Hoagland (13) states that from 

1 Part 2 of a thesis presented to the graduate committee of Michigan State College in 
partial fulfillment of the requirements for a degree of doctor of philosophy, 

* The writer wishes to express sincere appreciation to Dr. M. M. McCool for his kindly sug¬ 
gestions and criticisms in the execution and presentation of this work. 
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neither the water extract nor the freezing point method is there any indication 
that the soil solution has a constant composition; on the other hand, the soil 
solution may vary greatly under different conditions and a growing crop 
markedly diminishes its concentration. The soil solution under conditions 
favorable to crop growth was found by Hoagland (13) to be very dilute, 
especially during the height of the growing season. Duley (7) found the 
calcium content of Colby silt loam to be reduced from 22 to 54 per cent by a 
crop of clover. Stewart (23) showed that soils under crop always contain 
smaller amounts of calcium and magnesium than their uncropped duplicates. 
According to Burd (5), the water extracts of soils on which barley was growing 
showed variations in the calcium and magnesium content which were related 
to the content of these in the plants; as there was an increase in the plants, 
there was a decrease in the water extract. McCool and Millar (18) found 
that the freezing point lowering of the tops of plants was not very sensitive to 
changes in the concentration of the soil solution. 

Duley (7) concluded there was a closer correlation between the amount of 
calcium in a soil soluble in 0.04 normal carbonated water and the soil’s response 
to liming than there was between the pH value of the soil and this response. 

Fleetwood (8) determined that the amount of calcium soluble in 0.04 normal 
carbonated water in the 0-7 inch layer of soil was closely related to the returns 
from application of lime to the soil. Swanson, et al, (24) showed a close cor¬ 
relation between the calcium content of the soil soluble in cold normal hydro¬ 
chloric acid and the pH value of the soil, provided the soils were all of the same 
texture. Duley (7) ascertained that in nearly all cases the addition of lime 
increased the amount of calcium in the soil solution. 

Russell (23) states that soils kept in dry conditions increase the amounts of 
their available plant-foods. Duley (7) found that very acid Kolby silt loam 
increased the concentration of the calcium in its soil solution when kept in 
the greenhouse for a number of months. 

PLAN OF THE EXPERIMENT 

Although primarily intended to show variations which may occur in the 
calcium and magnesium contents of green bean stems and leaves and in. their 
expressed juice at different stages of growth, when the bean plants are grown 
on different soil types, the work presented here was planned also to show the 
effect of crop growth upon the concentration of calcium and magnesium in 
the soil solution and upon the pH value of the soil and the relationship of 
these to the composition of the plants. The textures of the soils in relation 
to the calcium and magnesium contents of the plants were also observed. 

The experimental work consisted of growing Robust field beans in 2-gallon 
crocks containing surface soils of seven different types. Five pots of each 
soil type were planted with beans. One pot of each soil type was planted to 
grow 20 bean plants for the first sampling and the remaining four pots to carry 
7 plants for the subsequent samplings. 
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The soil types used in this experiment included Roselawn loamy sand, 
Plainfield loamy sand, Kewanee sandy loam, Onaway sandy loam (heavy 
phase), Hillsdale sandy loam, Brookston loam (heavy), and Miami silt loam. 
The Roselawn was much more alkaline than is typical and the Plainfield had 
been limed. The Miami was very heavy and appeared to include at least 
some subsoil material. From the textural standpoint, the soils fell into two 
distinct groups, the one vety light and including the sandy soils, and the other 
very heavy, consisting of the Brookston and Miami soils. 

The analysis was planned to show the amounts of calcium and magnesium 
present in both the leaves and the stems and likewise in the expressed juice 
of each of these. The green weights of the stems and leaves were also obtained. 
The hydrogen-ion concentration of the soils and the amounts of calcium and 
magnesium present in the soil solutions were determined at each sampling. 
The soil solution consisted of the displaced liquid portion of the soil. 

EXPERIMENTAL PROCEDURE 

The experiments were begun in the greenhouse on February 2, 1928, when 
35 two-gallon pots were planted to Robust field beans. 

The first samples were taken on February 21, as soon as the plants were 
large enough to furnish enough material for analysis and the second when the 
plants were 6 weeks old. The third samples were obtained when flower buds 
had appeared, regardless of the age of the plants; the fourth, when the fruit 
was setting; and the fifth, when the pods were well filled out but the plant 
material had not started to wilt. All samples were taken between 8 and 10 
a.m. and only on clear days, in order to reduce to the minimum variations 
due to shading and intensity of transpiration. As the plants were cut from 
each pot, the leaves and stems were separated, weighed immediately, and 
placed in a saturated atmosphere to prevent loss of moisture. 

In the laboratory the plant parts were cut into very small pieces to allow 
a more representative sample to be taken. In most of the work, two or three 
grams of the green material was weighed out for total analysis and the juice 
extracted from the remainder. 

The juice of the green material was obtained by the pressure method de¬ 
scribed by McCool and Weldon, (19) and at seven tons pressure per square 
inch. This great pressure was necessary because of the small amount of 
material available. The expressed juice thus obtained was not centrifuged 
but was weighed directly into crucibles and ashed along with the green material 
in a muffle furnace at dull red heat. Especially in the early stages of growth 
and with the expressed juice, the amount of each sample was so small that 
some method was required which would give the maximum amount of material 
for each determination. Therefore, the ashed material was taken up in 5 
normal hydrochloric acid and made up to 110 cc. Of this solution, 50-cc. 
aliquots, were used for each determination, allowing that five-elevenths of all 
the material be done in duplication. 
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The calcium determinations were made by the official volumetric method 
and the magnesium by the volumetric method of Handy (11). Twentieth 
normal KMmCh and KOH standard solutions respectively were used in each 
determination and the averages of only closely agreeing duplicates are re¬ 
ported here. 

Immediately following the removal of the plants from the pots in the green¬ 
house, the soil was carefully sieved and portions were taken for the determina¬ 
tion of the moisture content, the hydrogen-ion concentration, and the soil 
solution respectively. 

The moisture content of the soil was based upon the weight of the absolutely 
dry soil obtained by heating in an electric oven at 105°C. for IS hours. 

The hydrogen-ion concentration was determined by the quinhydrone method 
of Briilman as described by Baver (2). 

The suggestions as to technique made by Briilman and Tovborg-Jenson 
(3) and by Baver (2) were observed. 

The soil solutions were obtained by the modified Lipman’s direct water 
pressure method described by Burd and Martin (6) and supported by a number 
of workers, including Parker (2), Parker and Tidmore (21), and Hubbard (12). 
One thousand grams of soil was packed into the tubes, covered with 200 cc. 
of water and the soil solution displaced under pressure, which ranged from 40 
to 50 pounds per square inch. The first 10 cc. of soil solution were discarded 
and the next 30 cc. caught and analyzed by the same method as was used for 
the first material. The distilled water used for watering the plants and 
for analytical purposes was obtained by distilling tap water through block 
tin pipes. 

EXPERIMENTAL RESULTS 

The data obtained from this experiment consist of those bearing upon the 
variations in the calcium and magnesium content of the bean plants at differ¬ 
ent growth stages when grown on different soil types, which show also the 
relationship of these variations to certain properties of the soils, and also of 
those related to the influence of the growth of the plants upon certain proper¬ 
ties of the soils. Since a knowledge of the latter data is necessary to an under¬ 
standing of the former, the latter are considered first in the following discussion. 

Effect of the growth of beans upon certain characteristics of the soil , and the varies 
Hons of different soil types in this regard 

The marked influence of the growth of beans on the soil solution is shown 
in tables 1 and 2, where the calcium and magnesium contents, respectively, 
are given for the growing period of the plants. 

Great differences were found to exist in the amounts of calcium present in 
the various soil solutions before plant growth started. The solutions of Rose- 
lawn loamy sand contained more than six times as much calcium as did the 
solution of Plainfield loamy sand, with the other soils solutions varying 
in between. 
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During the growth of the plant the calcium content of the soil solutions was 
reduced to a low level in which there was little variation. Usually the solu¬ 
tions of the soils which were highest in the beginning remained highest during 
the growth period. 

Smaller amounts of magnesium than of calcium were present in the soil 
solutions. Although the range of difference in the soil types was small, it is 
evident that the soil solutions varied in the amounts of magnesium they 

TABLE 1 

Variations in the calcium content of soil solutions growing beans 
Parts per million of water-free soil 


SOIL TYPE 

INITIAL Ca 
CONTENT 

STAGES OF GROWTH OF BEANS 

3 weeks 

<5 weeks 

Budding 

Fruiting 

Maturity 

Plainfield. 

10.60 

12.50 

2.68 

2.16 

5.05 

4.00 

Kewanee. 

44.70 

24.60 

30 40 


16.10 


Onaway. 

24.55 

9.71 

12.85 


3.33 

Roselawn... 

66.80 

36.00 

37.00 

27.80 


8.95 

Hillsdale. 

14.62 

16.65 

31.30 

23.00 

17.80 

3.18 

Brookston. 

19.10 


13.05 

6.90 


3.33 

Miami. 

30.06 

26.90 

26.62 


6.89 






TABLE 2 

Variations in the magnesium content of soil solutions growing beans 
(Parts per million of water-free soil) 


SOIL TYPE 

INITIAL 

CONTENT 

STAGES OF GROWTH OF BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Plainfield. 

4.44 

3.089 

Trace 

Trace 

0.7488 

Kewanee. 

8.88 

3.390 

4.086 


2.784 

Onaway. 

7.45 

2.056 

1.938 

.... 

Trace 

Roselawn. 

9,84 

3.900 

3.354 

.... 

1.114 

Hillsdale. 

4.08 

2.394 

6.384 

.... 

5.548 

Brookston. 

3.48 

0.926 

1.566 

.... 

1.600 

Miami. 

10.20 

5.810 

5.352 

.... 

.... 


contained; the soil solutions which were high in calcium generally were like¬ 
wise high in magnesium. 

No relationship appeared to exist between soil texture and the calcium or 
magnesium content of the soil solutions. The very sandy soils had either 
very high or very low calcium and magnesium contents in their solutions and 
the same was true of the fine textured soils. 

The hydrogen-ion concentrations of the soils used are given in table 3, where 
it may be seen that a wide range of reaction existed, Miami soil being the 
most acid, with a pH value of 5.0 and Roselawn the most alkaline, with a pH 
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value of 7.8. No appreciable change occurred in the pH value of the soils 
during the growth period of the plants. The fluctuations appear to have been 
within the range of the influence of moisture and temperature changes and 
of biological activities. 

Apparently there was no relationship between the pH values of the soils 
and the amounts of calcium and magnesium in the soil solutions. 

Since it developed that the solutions of the soil types used varied in calcium 
and magnesium, in the order of Roselawn loamy sand, Kewanee sandy loam, 
Onaway sandy loam, Hillsdale sandy loam, and Plainfield loamy sand for the 
coarse-textured soils, and of Miami silt loam and Brookston loam for the fine- 
textured soils, and since the soil types fell into about this same order in respect 
to the extent that the calcium and magnesium contents of their solutions were 
maintained during the growth period, throughout the following work the soils 
will be considered as of decreasing strengths in this same sequence. 


TABLE 3 

Changes in pH values of soils growing beans 





STAGES OP GROWTH OP BEANS 


son. TYPE 

VALUE 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 


pB 

PB 

PB 

PB 


PB 

Plainfield. 

7.35 

7.40 

7.30 

7.17 


7.25 

Kewanee. : . 

5.10 

5.18 

5.20 

.... 


.... 

Onaway. 

7.40 

7.27 

7.36 

.... 


7.42 

Roselawn. 

7.85 

7.87 

7.87 

7.72 

8.00 

7.80 

Hillsdale. 

6.25 

6.39 

6.20 

6.37 

6.10 

6.72 

Brookston. 

7.05 

6.94 

7.08 

6.6.6 

6.75 

.... 

Miami. 

5.00 

5.10 

4.60 

.... 

.... 

5.64 


Calcium content of green bean stems and leaves at different growth stages 

The calcium content of green bean stems varied on the different soil types 
throughout the growth period, as is shown in table 4, where the soils are sepa¬ 
rated into light and heavy groups and then arranged according to decreasing 
amounts of calcium in their solutions at the beginning of the growth period. 
It is evident that the higher calcium contents occurred in green bean stems 
grown on soils with the greater amounts of calcium in their solutions. Some 
deviations from this appeared but the general tendency was very marked in 
this regard. 

Considering that the calcium content of green bean stems was highest on 
Roselawn loamy sand and lowest on Plainfield loamy sand during the entire 
growth period, and that the stems grown on the very heavy soils contained 
about the same amount of calcium as stems grown on some of the very light 
soils, it appears that there was no relationship between soil texture and the 
amount of calcium in the green bean stems. 
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Similarly, the hydrogen-ion concentration appears to have borne no direct 
relationship to the amount of calcium in the green bean stems. Although 
the pH value of the Roselawn soil was highest and the calcium content of 
stems grown upon it was likewise highest, the pH value of the Plainfield soil 
was nearly as high, and yet the calcium content of stems grown upon this soil 
was lowest; Miami silt loam and Kewanee sandy loam had very low pH values 
and stems grown upon them had calcium contents about equal to the stems 
grown on soils with higher pH values, as Onaway sandy loam and Hillsdale 
sandy loam. 

Larger percentages of calcium were present in the mature green bean stems 
than when the stems were young. The increase from early growth to maturity 
was not uniform and there generally appeared on each type an intermediate 
period during which little calcium was added to the stems, or during which 


TABLE 4 

The effect of soil type on the calcium content of green bean stems at different stages of growth 


SOIL TYPE 

INITIAL Ca 
CONTENT 

OF SOIL 
SOLUTION 

STAGES OF GROWTH OF BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 


p.p.m. 

per cent 

per cent 

per cent 

Per cent 

per cent 

Roselawn. 

66.8 

0.253 

0.4060 

0.337 

0.380 

0.482 

Kewanee. 

44.7 

0.187 

0 255 


0.351 


Onaway. 

24.5 

0.202 

0.230 


0.293 

0.399 

Hillsdale. 

14.6 

0.243 

0.225 

0.267 

0.263 

0.422 

Plainfield. 

10.6 

0.162 

0.220 

0.216 

0.234 

0.336 


Heavy soils 


Mia.mi. 

mem 

0 207 

0.200 



0.434 

Brookston. 

HI 

0.197 

0.300 

0.305 

0.344 

0.319 


calcium was actually removed. A large increase of calcium occurred in the 
stems grown on all soil types for which data were obtained except Brookston 
clay loam after the fruit had set. 

In table 5 are given the amounts of calcium present in the green material 
of bean leaves grown on different soil types. In this table the soils are arranged 
as in table 4. 

The calcium content was much greater in green bean leaves grown on some 
soil types than in those grown on others. Here again, Roselawn soil generally 
gave leaves with the highest calcium content and Plainfield soil gave leaves 
with the lowest, and throughout the period of growth, a marked relationship 
was evident between the calcium content of the soil solution and that of the 
plant material. At each stage of growth, the calcium content of the green 
leaves grown on the different soil types, with few exceptions, varied directly 
as the decreasing amounts of calcium present in the initial soil solutions. 
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The calcium content of bean leaves was usually high on the soil types which 
gave stems with a high calcium content. Because of this, it is evident that 
there was no correlation between the texture or the pH values of the soils and 
the calcium content of bean leaves grown upon them. 

A marked increase occurred in the calcium content of green bean leaves as 
the growth period advanced. The greatest increase in calcium occurred when 
the leaves were between three and six weeks old and between the time the 
fruit set and maturity. During the intermediate period, the increase in cal¬ 
cium was very slow or the calcium was even depressed. Much greater 
amounts of calcium were present in the green material of bean leaves than 
in that of bean stems throughout the growth period. A more rapid increase 
took place in the calcium content of the leaves than occurred in the stems, 
resulting in a wider difference between the calcium contents of the two plant 
parts at maturity. 


TABLE 5 

Effect of soil type upon calcium content of green bean leaves at different stages of growth 


SOIL TYPE 

INITIAL Ca 
CONTENT 

OF SOIL 
SOLUTION 

STAGE OF GROWTH OF BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 


p.p.m. 

per cent 

per cent 

per cent 

per cent 

per cent 

Roselawn. 

66.80 

0.316 

0.620 

0.620 

0.586 

0.706 

Kewanee. 

44.70 

0.361 

0.530 


0.566 


Onaway. 

24.55 

0.360 

0.538 


0.586 

0.731 

Hillsdale. 

14.62 

0.266 

0.503 

0.483 

0.421 

0.722 

Plainfield. 

10.60 

0.249 

0.434 

0.403 

0.411 

0.564 


Heavy soils 


Miami. 

30.06 

0.448 

0.658 

0.400 


Brookston. 

19.10 

0.301 

0.476 

0.450 

0.556 


Calcium content of the expressed juice of bean stems and leaves 

Variations in the calcium content of the expressed juice of bean stems 
grown on different soil types are shown in table 6. Very similar differences 
can be seen in the calcium content of the expressed juice of bean stems as was 
evident in that of the green material. Generally the concentration of calcium 
in the juice was high in the stems which contained large amounts of calcium 
in their green tissue. Thus it follows that a high calcium content in the ex¬ 
pressed juice of the bean stems was associated with a high calcium content 
in the soil solution. Deviations from this appeared on some of the soils at 
various times during the period of plant growth but still the correlation be¬ 
tween the concentration of the calcium in the soil solution and the concentra¬ 
tion of calcium in the expressed juice of the stems was plainly very high. 

No closer relationship was evident between the texture nor the pH value of 
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the soil and the calcium content of the expressed juice of bean stems th an was 
evident between these and the calcium content of the green material. 

In table 7 is given the calcium content of the expressed juice of bean leaves 
at different stages of growth and on different soil types. Wide variations 
occurred in the calcium content of the juice of leaves grown on the different 


TABLE 6 

Effect of soil type upon the calcium content of the expressed juice of bean stems at 
different stages of growth 


son. TYPE 

INITIAL Ca 
CONTENT 

OF SOIL 
SOLUTION 

STAGE OP GROWTH OF BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 


pj.m. 

per cent 

per cent 

percent 

Per cent 

per cent 

Roselawn. 

66.80 

0.213 

0.217 

0232 

0.240 

0.288 

Kewanee. 

44.70 

0.200 

0.205 


0.217 


Onaway. 

24.55 

0.205 

0.191 

0.235 

0.238 


Hillsdale. 

14.62 

0.138 

0.172 

0.191 

0.178 

0.206 

Plainfield. 

10.60 

0.199 

0.155 

0.138 

0.229 

0.137 


Heavy soils 


Miami. 

30.06 

19.10 

0.181 

0.127 

0..157 




Brookston. 

0.170 







TABLE 7 

Effect of soil type upon the calcium content of the expressed juice of bean leaves at 
different stages of growth 



INITIAL Ca 
CONTENT 


STAGE OF GROWTH OE BEANS 



OF SOIL 
SOLUTION 

3 weeks 

6 weeks 

Budding 

f 

Maturity 


p.p.m. 

per cent 

per Gent 

per cent 

per cent 

per cent 

Roselawn. 

Kewanee. 

66.8 

44.70 

24.55 

0.365 

0..334 

0.271 

0.529 

0.583 

■nEvSI 

0.635 

Onaway. 

0.595 


0.598 

0.690 

Hillsdale... 

14.62 

0.220 

0.451 

0.433 


0.537 

Plainfield. 

10.60 

0.167 

0.326 

0.313 

0.338 

0.515 


Heavy soils 


Miami. 

30.60 

0.368 

0.555 



0.558 

Brookston. 

19.10 

0.189 

0,348 



0.531 




soil types throughout the period of growth. The relationship of the concen¬ 
tration of calcium in the soil solution to that of the expressed juice was less 
evident here than in the cases heretofore observed, although it still appears 
that the concentration of calcium in the plant juice was high where the con¬ 
centration of calcium in the soil solution was high. The calcium contents of 
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the expressed juice of the leaves grown on Roselawn, Kewanee, and Onaway 
soils were very nearly equal regardless of marked differences in the amounts 
of calcium in the soil solutions. 

Since there were marked similarities in the calcium contents of the juice 
of leaves grown on several of the soil types differing widely in texture and in 
hydrogen-ion concentration, it appears that there was no relationship between 
either the pH value or the texture of the soils and the calcium content of the 
juice of the bean leaves grown upon them. 

In the juice of both stems and leaves there was an increase in the calcium 
content as the plants became more mature. The increase was more uniform 
in the juice of leaves than in that of the stems and it was much more rapid, 
so that in the mature stage there was a wide difference in the concentration 
of calcium in the juice of the two plant parts, there being more than twice 
as much in the juice of the leaves as in that of the stems. 


TABLE 8 

Effect of soil type upon the magnesium content of green lean stems at different stages of growth 


son. TYPE 

INITIAL Mg 
CONTENT 
OF SOIL 
SOLUTION 

STAGE OF GROWTH OF BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 


p.p.m. 

per cent 

per cent 

per cent 

per cent 

per cent 

Roselawn. 

9.84 

0.044 

0.029 




Kewanee. 

8.88 

0.054 

0.016 




Onaway. 

7.45 

0.037 

0.072 


0.079 

0.0570 

Plainfield. 

4.44 

0.034 

0.056 


0.048 

0.0792 

Hillsdale. 

4.08 

0.042 

0.016 

B 

0.052 

0.0570 


Miami... 
Brookston 


Heavy soils 


10.20 

0.058 

0.064 



0.0260 

3.48 

0.062 

0.061 

0.100 

0.086 

0.0260 


Magnesium content of green bean stems and leaves 

The influence of soil types on the magnesium contents of green bean stems 
at different growth stages, is given in table 8, where the soil types are divided 
into light and heavy soils and then grouped according to decreasing amounts 
of magnesium in their solutions. 

The magnesium content of green bean stems fluctuated greatly during the 
growing period on each of the soil types. Although noticeable differences 
occurred in the amounts of magnesium present in the green material at each 
stage of growth on the different soil types, there evidently was no relationship 
between the magnesium content and either the amount of magnesium present 
in the soil solution or the pH value of the soils as described earlier* However, 
it does appear that the magnesium content was higher in the stems of plants 
grown on the two heavy soil types than in those of the plants grown on the 
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light soil types. This last relationship did not hold when the plants had 
reached maturity. 

On the light soil types there was more magnesium present in the green bean 
stems when the plants had reached maturity than when they were young, but 
during the intermediate growth stages a high point was always reached in 
which the magnesium content was greater than in the mature stage. On the 
heavy soil types the magnesium content of the stems was always lower at 
maturity then in the early stages of growth. 

Much less magnesium than calcium was present in the green material of 
bean stems throughout the period of growth and the amount present fluctuated 
much more than the calcium. 

A somewhat more uniform amount of magnesium was present in the green 
material of bean leaves than in that of the stems, as is evident in table 9. 


TABLE 9 

Effect of soil type upon the magnesium content of green bean leaves at different stages of growth 


SOIL TYPE 

INITIAL Mg 
CONTENT 

OP SOIL 
SOLUTION 

STAGE OP GK.OWTH OP BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 

Roselawn. 

p.p.m. 

9.84 

8.88 

7.45 

4.44 

4.08 

per cent 

0.058 

0.060 

0.068 

0.079 

0.055 

per cent 

0.077 

0,066 

0.077 

0.118 

0.105 

per cent 

0.096 

per cent 

0.193 

0.075 

0.083 

0.079 

0.075 

percent 

0.114 

Kewanee. 

Onaway. 



Plaijifield. 


Hillsdale. 



Heavy soils 


Miami. 

10.02 





Brookston. 

3.48 

0.060 


0.123 

0.092 


Greater amounts of magnesium were present at each stage of growth in the 
green material of leaves grown on some soil types than on others. Generally, 
in the early growth stages at least, there was more magnesium present in the 
leaves grown on soils with lower magnesium contents in their solutions. This 
was especially noticeable on the two heavy soils though this difference here 
might have been due to the low pH value of the Miami soil, a possibility which 
is supported by the fact that the plants grown on Kewanee soil also gave leaves 
with a low magnesium content. Further than this, no relationship appeared 
to exist between the characteristics of the soils and the magnesium content 
of the bean leaves. 

Greater amounts of magnesium were present in the green bean leaves at 
maturity than when they were 3 weeks old in all plants except those grown 
on Miami, soil. The increase of magnesium from early growth to maturity 
was generally not uniform. More magnesium was present in the leaves than 
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in the stems at all stages of growth and the rate of increase was somewhat 
faster. Much less magnesium than calcium was present in the leaves of 
beans throughout the growth period. 

Magnesium content of the expressed juice of bean stems and leaves 

In tables 10 and 11 are given the percentages of magnesium present in the 
expressed juice of bean stems and leaves at different stages of growth and on 
different soil types. Great fluctuation in the magnesium content was charac¬ 
teristic of the juice of both the stems and leaves of plants grown on different 
soil types and it appears that soil texture, the pH value of the soil, and the 
concentration of magnesium in the soil solution had no controlling influence 
on the concentration of magnesium in the plant juice. 


TABLE 10 

Effect of soil type upon the magnesium content of the expressed juice of bean stems at 
different stages of growth 


SOIL TYPE 

INITIAL Mg 
CONTENT 
OF SOIL 
SOLUTION 

STAGE OF GROWTH OF BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 

Roselawn. 

p.p.tn. 

9.84 

8.88 

7.45 

4.44 

4.08 

per cent 

0.041 

0.053 

0.043 

0.037 

0.045 

per cent 

0.031 

0.036 

0.035 

0.055 

0.050 

per cent 

0.067 

per cent 

per cent 

0.10S 

Kewanee. 

0.048 

Onaway... 


0.115 

0.155 

0.076 

Plainfield. 

Hillsdale. 




Heavy soils 


Miami.. 



0.066 



Brookston... 

0.087 

■ 




■ Hi 


Greater concentrations of magnesium were usually present in the juice 
of both stems and leaves as the plants advanced in age. On many of the soil 
types this increase of concentration of magnesium in the juice was quite uni¬ 
form and it also was of considerable magnitude. 

Magnesium was about equally concentrated in the juice of the stems and 
leaves throughout the growth period. This is in contrast with the concentra¬ 
tion of calcium in the two plant parts, which was greater in the juice of the 
leaves than in that of the stems and which also increased much more rapidly 
in the juice of the leaves. 

Total green plant material produced on the different soil types 

The green plant material produced on each soil type at the various periods 
of growth is given in grams in table 12 and the corresponding proportion of 
stems and leaves in per cent is given in table 13. 
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TABLE 11 

Effect of soil type upon the magnesium content of the expressed, juice of bean leaves at 
different stages of growth 


SOIL TYPE 

INITIAL Mg 
CONTENT 

OF SOIL 
SOLUTION 

STAGE OE GROWTH OF BEANS 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 

Roselawn. 

p.pM. 

9.84 

8.88 

7.45 

4.44 

4.08 

per cent 

0.037 

0.024 

0.057 

0.052 

0.052 

per cent 

0.070 

per cent 

0.073 

percent 

per cent 

0.098 

Kewanee. 

0.031 

Onaway. 

0.088 

0.061 

0.084 


0.109 

0.042 

0.088 

Plainfield. 

0.091 

0.086 

0.076 

Hillsdale. 




Heavy soils 


Miami. 

10.20 

0.057 

0.122 


H|8§li 

E 

Brookston. 

3.48 

0.023 

0.071 

0.103 

■ 

m 






HUH 


TABLE 12 

Green weight of beans at different stages of growth on different soil types 
(Weight of 7 plants in grains) 


STAGE OE GROWTH OE BEANS 



3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 

Plainfield. 

9.94 

32.5 

33.25 

42.0 

40.0 

TRTftwanfte. 

10.20 

16.0 

38.0 

Onaway. 

10.50 

19.8 


38.0 

38.0 

Roselawn... 

9.80 

16.1 

41.00 

43.0 

56.0 

Hillsdale. 

12.88 

26.0 

45.50 

46.5 

55.0 

Brookston... 

11.20 

19.5 

29.00 

31.0 

22.5 

Miami. 

10.29 

16.5 

23,5 





TABLE 13 

Proportions of leaves and stems of beans at different stages of growth on different soil types 

STATE OE GROWTH OE BEANS 


SOIL TYPE 

3 weeks 

6 weeks 

Budding 

Fruiting 

Maturity 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 

Stems 

Leaves 


Per 

per 

per 

per 

per 

per 

per 

Per 

per 

ter 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Plainfield. 

47.3 

52.7 

38.4 

61.6 

39.8 


30.8 

69.2 

32.1 

67.9 

Kewanee... 



34.4 

65.6 



34.2 

65.7 



Onaway. 

m 

55.0 

35.8 

64.2 

• • • « 

.... 

36.0 

64.0 

31.6 

68.4 

Roselawn. 

EE 

57.0 

1551 

67.0 

35.3 

64.7 

36.0 

64.0 

28.5 

71.5 

Hillsdale. 

43.8 

56.2 

55.4 

44.6 

38.5 

61.5 

37.9 

62.1 

31.8 

68.2 

Brookston. 

47.7 

52.3 

35.8 

64.2 

34.5 

65.5 

32.2 

67.9 

35.5 

64.5 

Miami . 

47.4 

52.6 

39.3 

60.7 





36.1 

63.9 
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Considerably better growth was made on some of the soil types than on 
others. The growth was usually light on the very heavy soils and also on the 
very acid soils and apparently was independent of the amount of calcium and 
magnesium present in the soil solutions. There is no evidence that there 
was any relationship between the rate of growth and the calcium or magnesium 
content of the plant material. 

Proportion of stems and leaves of the lean plant 

Some variance occurred in the proportions of stems and leaves produced 
on the different soil types at each stage of growth but it was small and does 
not appear to depend on the rate of growth nor upon the characteristics of 
the soil which are considered here. The proportion of stems is less than that 
of leaves during the entire period of growth. At the beginning of growth, 
the difference in the proportions was small, averaging 4S.7 per cent stems 
and 54.3 per cent leaves. The proportion of leaves increased as the growth 
period advanced, with the result that at maturity the proportions were 32.6 
per cent of stems and 67.4 per cent of leaves. 

A comparison of calcium and magnesium contents of cropped and uncropped soils 

Depressions in the amount of calcium and magnesium in the soil solutions, 
as was observed in this work, may not have been entirely due to the growth 
of the crop. To check this point, two series of pots containing Plainfield and 
Hillsdale soils were left fallow and sampled at the same time that two other 
series, containing the same soils, but growing beans, were analyzed. The 
results obtained are given in table 14. Here it will be seen that there were 
fluctuations in the amounts of calcium and magnesium present in the soil 
solutions of both the cropped and uncropped soils, but the general tendency 
was for the concentration of the elements in the solutions to decrease on the 
cropped soils and to hold about constant on the uncropped soils. 

Power of soils to rebuild their solutions when air-dry 

The noticeable reduction in the concentration of the soil solution due to 
the growth of plants (9, 23) indicates that during a period of rest soils must 
be able to rebuild their solutions in order for plant growth to be possible year 
after year. In the work presented here, two soils previously depleted in the 
greenhouse, were allowed to rest for 82 days and their solutions obtained and 
analyzed. The data obtained are given in table 15 where it will be seen that 
in the case of calcium, both Plainfield and Hillsdale soils were able to rebuild 
their solutions above what they were before crop growth started. These 
soils were held as air-dry under greenhouse conditions. 

The magnesium content of the soil solutions was likewise rebuilt during 
the period of rest and attained a level higher than that possessed before the 
beg inning of plant growth. Since the calcium content is reduced on Hillsdale 
to a lower level that on Plainfield, by the growing crop and yet after the rest 
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period has rebuilt its solution to contain more than three times as much 
calcium, it would appear that Hillsdale has more ability to rebuild its solution 
than has Plainfield. 

Although this result is in agreement with that of Duley (7), this increase 
of solutes in the soil solution might perhaps be attributed to the wetting and 
drying of the soil. It is a question as to whether a soil maintained in the dry 
condition can actually increase the amount of solutes available for solution. 
Unfortunately this question did not present itself until too late to obtain 
data bearing upon it. 


TABLE 14 

Calcium and, magnesium content of cropped and uncropped soils 
Parts per million of moisture-free soil 


SOIL TYPE 

CALCIUM 

MAGNESIUM 

Initial 

content 

Stage of growth 

Initial 

content 

Stage of growth 

10 days 

24 days 

35 days 

10 days 

24 days 

35 days 

Plainfield cropped. 

17.87 

8.51 

1.44 

1.74 

6.67 

2.12 

9.16 

1.46 

Plainfield uncropped. 

17.81 

11.91 

16.30 

11.15 

6.67 

4.99 

1.57 

8.73 

Hillsdale cropped. 

38.15 


12.86 

4.04 

n 

11.50 

1.22 

0.80 


38.15 

45.80 

39.90 

50.30 


11.34 

9.57 

9.62 


TABLE 15 

Power of soils to rebuild their solution when dry 


SOIL TYPE 

CALCIUM 

MAGNESIUM 

At start 
of growth 
period 

At end of 
growth 
period 

After 

resting 

82 days 

At start 
of growth 
period 

At end of 
growth 
period 

After 

resting 

82 days 

Plainfield. 

p.p.m. 

10.60 
’ 14.62 


p.p.m. 

11.58 

35.48 

p.p.m. 

4.44 

4.08 

p.p.m. 

0.7488 

1.7100 

p.p.m. 

6.783 

10.996 

Hillsdale. 



SUMMARY AND CONCLUSIONS 

In this work the effect of crop growth upon the calcium and magnesium 
content of the soil solutions and upon the pH value of the soils was observed, 
as were also the relationships between these characteristics of the soils and 
the calcium and magnesium content of the plants. Variations occurring in 
the calcium and magnesium contents of green bean stems and leaves and in 
their expressed juice when obtained from plants of different ages grown on a 
number of soil types were studied. The relationship of soil texture to the 
foregoing characteristics of the plants was noted. 

Widely different amounts of calcium and magnesium were found present 
in the various soil solutions before plant growth began but they were greatly 
reduced by the growing plants and were almost equal at the end of the growth 
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period. The soil solutions with the highest concentrations of calcium and 
magnesium at the beginning of the growth period generally maintained a 
higher concentration during the growing period. 

Insignificant variations appeared in the pH values of the different soils as 
the growth period advanced but they did not appear to result from the growth 
,of the plants. 

No relationship appeared to exist between the calcium and magnesium 
content of the soil solutions and either the pH value or the texture of the soils. 

Marked variations were found in the amounts of calcium and magnesium 
present in the green tissue and in the juice of both stems and leaves of bean 
plants grown on the different soil types. 

An increase generally occurred in the calcium and magnesium contents of 
the tissue and of the juice of stems and leaves as the growth period advanced. 
Some minor exceptions occurred. 

The calcium content was always greater than the magnesium content. The 
calcium and magnesium contents of the leaf tissue were always greater than 
those of the stem tissue. The calcium content of the juice of leaves was 
always greater than that of the juice of stems but the magnesium content 
of the juice was sometimes greater in the stems and sometimes greater in 
the leaves. 

Greater increases in the calcium and magnesium contents of the tissue and 
juice of stems and leaves generally occurred in early growth and near maturity 
than during the intermediate stages of growth. 

A very decided correlation appeared to exist between the calcium content 
of the tissue and juice of both stems and leaves and that of the soil solution. 
A high calcium content in the soil solution was associated with a high calcium 
content in the plants when the soils were of similar texture. 

No correlation appeared to exist between the calcium content of the plants 
as studied and either the texture or the pH value of the soil. 

The variations in the magnesium content of the plants were so inconsistent 
that no correlations could be drawn between them and the magnesium content 
of the soil solutions, the textures of the soils, or their pH values. 

There appeared to be no relationship between the rate of growth and either 
the calcium or the magnesium content of the plants. 

There were slight variations in the proportions of stems and leaves on 
different soil types and they did not appear to depend on any of the properties 
of the soils studied. The proportion of leaves was always greater than that 
of stems and the ratio became wider as the period of growth advanced. 

The calcium and magnesium in the soil solutions were greatly reduced in 
the soils growing plants, as compared with the solutions of the uncropped 
duplicate soils. 

Plainfield and Hillsdale soils were able greatly to rebuild the calcium and 
magnesium contents of their solutions when kept air-dry in the greenhouse 
for 82 dayfe. The Hillsdale soil surpassed the Plainfield in this respect. 
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SOME INFLUENCES OF THE DEVELOPMENT OF HIGHER PLANTS 
UPON THE MICROORGANISMS IN THE SOIL: m. INFLUENCE 
OF THE STAGE OF PLANT GROWTH UPON SOME ACTIVITIES 
OF THE ORGANISMS 


ROBERT L. STARKEY 
New Jersey Agricultural Experiment Station 
Received for publication January 30, 1929 

Previous reports (6, 7) have shown that the members of the soil population 
are greatly affected by the development of higher plants. Although all plants 
may affect certain of the organisms, different plants behave differently and the 
effects of any one plant vary with the stage of growth. 

It seems likely that certain of the activities of the organisms in the soil 
should be affected in a manner similar to numbers of the cells since the detec¬ 
tion of modifications in the soil population suggests that there are modifica¬ 
tions in the transformation of such soil constituents as are associated with the 
nutrition of this population. 

Stoklasa’s results (8) showed quite clearly that, at a certain arbitrary period 
of measurement, the evolution of carbon dioxide from soils supporting different 
plants was different. It appears logical to question whether similar relation¬ 
ships would exist at all periods of plant growth, particularly where both annuals 
and biennials are involved. 

It is quite natural to expect that greater amounts of carbon dioxide would 
be evolved from plants as they become larger (5). However, it may not be 
accurate to assume that the increase in carbon dioxide in the soil, a change 
associated with plant growth, is entirely due to excretion of carbon dioxide 
from the roots. Soil microorganisms may be more concerned with this change 
than was assumed by Barakov (1) and Turpin (9) and at least some of the 
increase in bicarbonates about plant roots (4) may arise from microbial activity 
in the rhizosphere. 

Lyon and Bizzell (3) demonstrated that nitrification proceeded at different 
rates in soils during different periods of growth of higher plants. During 
the early stages of plant growth when the crops were making their greatest 
drafts upon the nitrogen in the soil, nitrification was most rapid and even 
proceeded with greater rapidity than in fallow soil at these periods. The most 
marked acceleration appeared under legumes. This suggests that there may be 
some differences in the influences of the plants upon soil activities at different 
periods of plant development. 

The following studies are concerned with the influences which higher plants 
exert upon the rate of decomposition of soil organic matter as measured by the 
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evolution of carbon dioxide from the soil and upon the reactions concerned 
with the formation of nitrates in the soil. 

EXPERIMENTAL PROCEDURE 

These experiments were conducted simultaneously with the studies on 
abundance of microorganisms under higher plants as outlines in the preceding 
report of this series (7). Observations were made upon soils supporting growth 
of plants both in the greenhouse and in the field. Soils which supported no 
higher plants were periodically compared with soils which were gathered 
from plant roots. 

In determining the evolution of carbon dioxide, duplicate samples of the 
moist soils, which were equivalent to 100 gm. of oven-dry soil, were placed in 
containers, brought to the same moisture content and introduced into an 
apparatus (11) for determining the amount of carbon dioxide which was gener¬ 
ated in a period of 15 days at a temperature of 27°C. Only averages of the 
results upon the duplicate samples of soil are reported. 

Nitrification studies were made only upon the field soils. They were made 
in two of the ways suggested by Waksman (10). In one case, samples of the 
moist soils, equivalent to 100 gm. of oven-dry soil, were placed in tumblers, 
brought to the same moisture content, covered, and incubated at 27 °C. Occa¬ 
sionally water was added to the soils to bring the moisture content to its 
original condition. At intervals varying from 5 to 30 days, determinations 
were made for ammoniacal and nitrate nitrogen. In the second case, nitri¬ 
fication of added ammonium sulfate was determined. To samples of the 
moist soils equivalent to 100 gm. of oven-dry soil, 210 mgm. of calcium carbon¬ 
ate were added and uniformly distributed throughout the soil. Some 
ammonium sulfate was dissolved in distilled water and an amount of the 
solution containing 30 mgm. of nitrogen was sprinkled over the soil and care¬ 
fully mixed into it. These soils were incubated at 27°C. and periodically 
studied for the presence of ammonical and nitrate nitrogen. 

The determinations for ammonia were made according to la method of 
Bengtsson (2). Extracts of the soil which were made with normal potassium 
chloride were distilled in the presence of magnesium oxide into standard 
acid which was titrated back with standard alkali. Nitrate determinations 
were made by the phenoldisulfonic add method. 

EXPERIMENTAL RESULTS 
Evolution of carbon dioxide 

Among the activities associated with microbial development, the produc¬ 
tion of carbon dioxide is one of the few which is common to practically all 
organisms and lends itself readily to measurement in soils. Under aerobic 
conditions, in a mixed population, it is the prindpal carbonaceous end product 
of decomposition. Results of determinations for the carbon dioxide which is 
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liberated from soils may be interpreted as indicating fairly accurately tbe 
speeds of decomposition of the organic materials in the soils. The method is 
much more accurate for estimating some of the influences of plant develop¬ 
ment upon the soil organisms than counts of the abundance of org anisms by 
the plate method. Consequently, small differences in the amounts of carbon 
dioxide formed from the various soils may be considered as being significant 
where similar differences in the determined abundance of microorganisms 
would be within the error of the determination. 

TABLE 1 


Carbon dioxide evolved from fallow soils and from soils obtained from the roots of various plants* 


PLANT 


AVERAGE OP 
ALL PERIODS 

44 days 

| 63 days 

86 days 


173 days 

Field soils 

Fallow. 

27.7 

18.4 

16.2 

15.7 

15.0 

18.6 

Oats. 

22.9 

26.5 

22.4 

17.0 

17.2 

21.2 

Com. 

28.4 

27.3 

23.9 

22.4 

18.9 

24.2 

Beans. 

28.7 

24.1 

19.0 

20.2 

19.3 

22.3 

Potatoes. 

23.1 # 

23.0 

18.8 

18.7 

15.7 

19.9 

Table beets. 

21.1 

23.0 

20.5 

20.1 

28.0 

22.5 

Mangel beets. 

26.2 

27.1 

21.1 

23.0 

24.7 

24.4 

Rape. 

26.0 

28.4 

24.2 

24.S 

28.0 

26.2 

Sweet doverf. 

22.8 

20.2 


18.5 

29.5 

21.6 


Greenhouse soils 


PLANT 

AGE OP PLANT DEVELOPMENT 

AVERAGE 

36 days 

59 days 

93 days 

128 days 

169 days 

202 days 

PERIODS 

Fallow. 

10.3 

8.7 

10.8 

9.6 

8.2 

10.6 

9.7 

Oats. 

12.8 

10.1 

12.6 

16.9 

15.2 

14.8 

13.7 

Beans. 

10.5 

12.1 

11.0 

10.9 

10.2 

11.3 

11.0 

Beets. 

10.7 

10.4 

10.6 

13.9 

13.7 

11.7 

11.8 

Rape... 

11.2 

11.0 

12.2 

15.6 

11.9 

13.4 

12.6 

Sweet clover. 

10.4 

13.1 

11.7 

11.8 

11.6 

11.1 

i 

11.6 



* Mgm. of carbon evolved as carbon dioxide from the equivalent of 100 gm. of dry soil in 
15 days. 

t For sweet clover the sampling periods are 25,44,67,119 and 154 days. 

Averages of the results of these studies are presented in table 1 and figure 1. 
Only the results of the field studies are presented graphically. From the 
arrangement of the data on the graph, the degree of the extension of the shaded 
col umns above the zero line indicates the amounts of increases in evolution of 
carbon dioxide due to plant growth. The letters at the tops of the columns in 
the figure refer to the stages of plant growth: B —blooming, V —height of 
vegetative development, Dg —initial vegetative degeneration, D —death. 































TIME (DAYS) 

Fig. 1 above. Influence of Plant Development upon the Evolution of Carbon Dioxide from the Soil 
Fig. 2 below. Influence of Plant Development upon the Capacity of Soils to Form Nitrate from the Soil Nitrogen 
(Letters at the tops of the columns refer to stages of plant growth: B —blooming, V —height of vegetative development, Dg —initial 

degeneration, D —death) 
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There are many features of these results which show similarities to the changes 
in abundance of the bacterial population and organisms of the B. radiobacter 
group reported previously (7). 

All of the plants caused increases in the evolution of carbon dioxide but the 
course of the formation of the gas appears to be distinct for each of the plants 
and related to differences in characteristics of growth of the plants, particu¬ 
larly of the plants in the field. All plants influence' the transformation to a 
slight degree in the early stages of growth. In fact, in many cases at the first 
period of sampling, the planted soils gave off even less carbon dioxide than the 
unplanted soils. It was quite striking in many cases, what an abundance of 
plant roots might permeate the soils in early stages of plant growth without 
exerting any noticeable effects upon either the abundance of or ganisms or the 
evolution of carbon dioxide. The plants may be divided into two distinct 
groups on the basis of their influences upon carbon dioxide production subse¬ 
quent to the initial period of sampling. The first group includes plants which 
mature in a single year. The second group includes plants which require more 
than one year to mature. The first group is represented by oats, com, beans, 
and potatoes. These plants in all cases produced the most marked influence 
upon evolution of carbon dioxide at the second period of sampling. At this 
time these plants were well advanced in growth and were either at maximum 
vegetative development or had passed this stage. Subsequent to this period, 
during phases of degeneration, the influences upon formation of carbon dioxide 
were less pronounced. The plants exerted even less influence upon the process 
subsequent to their death. 

The second group of plants is represented by table beets, mangel beets, rape, 
and sweet clover. Even though the formation of carbon dioxide was greatly 
increased under these plants subsequent to the first period of sampling, this 
favorable influence did not decrease as time advanced. In fact, at the time of 
the last sampling the effects were greater than at any previous period. This 
was particularly striking in the case of the sweet clover. The fact that these 
biennials were as vigorous in vegetative development at the final period of 
sampling as at any previous period is undoubtedly largely responsible for the 
continued high level of formation of carbon dioxide under these plants. 

It is quite apparent that the formation of carbon dioxide in the unplanted 
soil in the field decreased progressively throughout the period of study. This 
suggests that the decomposable organic matter in unplanted soil becomes 
depleted to a marked degree within a single season. 

Whatever factors are responsible for increasing the production of carbon 
dioxide in soils under plants, continue to be active as long as the plants are 
developing. The factors are apparently regulated by physiological charac¬ 
teristics associated with growth and senescence of the plants. 

It seems particularly suggestive that microorganisms may evolve consider¬ 
ably greater amounts of carbon dioxide from soils supporting root growth than 
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from soils containing no roots. This is particularly significant in view of the 
fact that this increase is associated with periods of active development of the 
plants, particularly the periods of maximum vegetative development, blooming 
or early vegetative degeneration. Since this is the case it would seem to be 
logical to conclude that at least part of the increase in carbon dioxide in the 
soil air under plants and increase in bicarbonates about plant roots should be 
ascribed to microbial action and not entirely to respiration of the plant roots as 
assumed by Barakov, Turpin, and Metzger. What portion of the total in¬ 
crease in carbon dioxide under plants is due to the microorganisms is uncertain, 
this may be a relatively slight or large proportional amount. At least, forma¬ 
tion of carbon dioxide by the microorg anism s follows much the same course of 
changes as the total increases and decreases of the gas under plants. 

As regards the importance of microorganisms about plant roots as factors 
affecting the feeding power of plants, it appears likely that with annuals they 
exert very Itttle greater effects upon the solubility of nutrients in soils support¬ 
ing plants than in soils supporting no plants. This appears probable in view 
of the fact that the acceleration of biological activities, being dependent upon 
contributions from the plants, becomes progressively greater as the plants 
mature, and reaches its highest point only at periods subsequent to maximum 
vegetative development. The requirements of the plants for soil nutrients 
follow an inverse course, being greater in the early stages of development and 
decreasing when microbial activities appear to be greatest. Under plants 
developing over longer periods of time, as in the case of biennials, the microbial 
activities are at a high level long before flowering and seed development and 
may exert much greater effects upon the solubility of soil nutrients about roots 
than in fallow soils during vegetative growth. Even in these instances, how¬ 
ever, maximum vegetative development and consequently absorption of 
nutrients, occur before the most pronounced effects of the plants are exerted 
upon the microorganisms. 

Nitrification of the soil nitrogen 

The data presented in table 2 and figure 2 indicate the amounts of nitrate- 
nitrogen formed during the periods of incubation indicated in the table. The 
data represent the differences between the amounts of nitrate-nitrogen found 
in the soils at the termination of the incubation period and the amounts present 
at the time that the soils were sampled. The results from the soils sampled at 
the second period are not directly comparable with the others since they repre¬ 
sent nitrate formation during a shorter period of time. 

Although nitrate formation from these soils was not influenced to as great a 
proportional degree by plant development as were the numbers of certain 
groups of bacteria, it was significantly modified and in somewhat the same 
mann er as the evolution of carbon dioxide. At the first period of sampling, 
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some of the biennials were the only plants which brought about greater nitri¬ 
fication in the soil than occurred in the absence of plant growth. The influence 
of the annuals was erratic at subsequent periods of study, but in most cases 
while the plants were alive, the accumulation of nitrates was greater in the 
soils which supported root growth. The formation of nitrates appeared to be 
affected by the beans to a greater extent and more consistently than by any* 
of the other annuals. As with their influence upon the bacterial population, 
the potatoes showed less extended favorable effects upon nitrification than any 
of the other plants. This may be correlated with the short period of growth of 
the potatoes. 

Nitrification was much more active in soils under biennials than under 
annuals and the duration of this effect extended throughout the season. At 
the last period, nitrification was greater under the biennials than at any pre- 


TABLE2 

Accumulation of nitrate-nitrogen in fallow soil and in soils obtained from the roots of various plank r* 


PLANT 

AGE OF PLANT DEVELOPMENT 

AVERAGE 
OF ALL 
PERIODS 

44 days 

63 days 

86 days 

138 days 

173 days 

Fallow. 

2.44 

0.75 

2.29 

1.49 

1.46 

1,69 

Oats. 

1.87 

1.30 

2.37 

1.73 

1.51 

1.76 

Com. 

2,24 

1.19 

2.41 

1.33 

1.85 


Beans. 

2.26 

1.16 

2.31 


2.02 

1.96 

Potatoes. 

2.24 

1.03 

2.72 

1.47 

0.98 

1.69 

Table beets. 

2.15 

1.11 

2.52 

1.83 

2,57 


Mangd beets. 

2.84 

1.32 

2.23 

1.76 

2.29 


Rape. 

2.87 

1.67 

2.90 


3.56 

2.66 

Sweet doverf. 

2.48 

1.15 

1.88 

1.58 

2.48 

1.91 

Period of incubation (days). 

30 

18 

31 

28 

30 

.... 


* Mgm. of nitrate-nitrogen per 100 gm. of dry soil, 
t For sweet clover the incubation periods are 25,44,67,119, and 154 days. 


vious period with any of the plants. Rape exerted the most pronounced 
effects throughout the study. Although the sweet clover showed little effect 
until the last sampling, this may be because this plant grows more slowly 
than any of the other plants and had only reached the stage of vigorous and 
abundant vegetative growth at the end of the season. 

It seems justifiable to conclude that accumulation of nitrates is more rapid in 
soils obtained from plant roots than from soils supporting no plant growth. 
At least such is the case at certain stages in the growth of all the plants which 
were studied. It is not clearly apparent from these observations what differ¬ 
ences are exerted by the plants at different stages of growth except that the 
greatest accumulation occurs during periods of growth of the plants and conse¬ 
quently persists for longer times under biennials than annuals. No marked 
differences were observed between the action of legumes and non-legumes 
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which could not be explained as being correlated with differences in duration 
of vegetative growth. It is quite possible that the development of higher 
plants increases the abundance of nitrifying organisms in soils although the 
method which was used for studying nitrification is not devised to detect such 
effects. An increase in the rapidity of accumulation of nitrates by this method 
of study does indicate, however, that certain portions of the soil organic matter 


TABLE 3 

Disappearance of anrnoniacal-nitrogen and formation of nitrate-nitrogen from ammonium sulfate 
added to fallow soil and soils obtained from the roots of various plants 


PLANT 

AGE OP PLANT DEVELOPMENT 

AVERAGE 
OP ALL 
PERIODS 





173 days 

Ammoniaccd-nitrogen consumed* 


Fallow. 

29.9 

27.0 

10.8 

5.6 

BUS 

17.4 

Oats. 

30.1 

29.7 


7.3 

14.8 

18.5 

Cora. 

30.1 

27.5 


8.6 

16.2 

18.6 

Beans. 

29.6 

26.9 

12.1 

■ftRI 

17.2 

19.2 

Potatoes. 

29.3 

27.3 

BTtVSI 

6.6 

13.6 

17.4 

Table beets. 

28.2 

24.9 

12.9 

9.1 

15.0 

18.0 

Mangel beets.. 

29.3 

26.3 

12.0 

9.4 

14.9 

18.4 

Rape. 

30.1 

27.7 

wm 

10.4 

15.1 

19.3 

Sweet doverf. 

29.7 

26.6 

10.2 

8.9 

14.4 

18.0 



Nitrate-nitrogen formed * 


Fallow. 

30.38 

23.86 

7.59 

4.90 

12.47 

15.84 

Oats. 

28.60 

25.05 

8.20 

5.08 

13.60 

16.11 

Com.. 

31.82 

22.67 

4.55 

6.11 

13.45 

15.72 

Beans. 

29.46 

23.15 

10.39 

6.88 

14.03 

16.78 

Potatoes. 

27.63 

23.09 

8.29 

5.64 

12.01 

15.33 

Table beets... 

27.75 

20.10 

8.45 

6.71 

13.13 

15.23 

Mangel beets. 

27.26 

21.18 

9.75 

7.20 

13.07 

15.69 

Rape. 

29.43 

24.05 

10.67 

7.17 

17.07 

17.68 

Sweet cloverf... 

27.33 

21.83 

8.44 

5.57 

13.39 

15.31 

Period of incubation (days'). 

30 

18 

5 

5 

5 



* Mgm. of nitrogen per 100 gm. of dry soil. 

t For sweet clover die incubation periods are 25,44,67,119 and 154 days. 


are undergoing more rapid decomposition and that these organic materials 
are of fairly narrow carbon-nitrogen ratios. In view of these assumptions it 
appears likely thatthe plants have added this organic matter to the soil. Since 
the effects appear previous to the death of the plants it seems likely that con¬ 
siderable amounts of such organic materials may be added to the soil during 
certain phases of root development. These conclusions are further emphasized 
by the results of the observations upon the abundance of the microorganisms 
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Fig. 3. Influence of Plant Development upon the Capacity of Soils to Transform Ammoniacal-nitrogen 
(Letters at the tops of the columns refer to stages of plant growth: B —blooming, V height of vegetative development, Dg initial 

degeneration, D —death) 
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in the soils (7), and upon the formations of carbon dioxide from the soils. 
These studies seem to suggest that during the time when plants are developing 
in the held, nitrification proceeds at a more rapid rate about the roots at 
certain stages in their development than in fallow soils, in spite of the fact that 
greater amounts of nitrate-nitrogen are detected in fallow soils. 

If the second period of sampling is left out of consideration (this appears 
justified since the incubation period was much shorter than for the other 
soils) it seems clearly apparent from the figure that accumulation of nitrate- 
nitrogen in the unplanted soil becomes slower with the passage of time. At the 
first sampling, 2.44 mgm. of nitrate-nitrogen were formed in 30 days. At the 
last sampling, 129 days later, only 1.46 mgm. were produced. 

Nitrification of ammonium sulfate 

Nitrification of ammoniacal-nitrogen added to soils may be determined by 
measuring both the amounts of nitrate-nitrogen formed and the ammoniacal- 
nitrogen consumed after certain periods of incubation. Both methods have 
been used in the present study. The data are presented in table 3 and figure 
3. During the first observations the soils were incubated for 30 days before 
the extent of nitrification was determined. This proved to be too long a 
period of time since practically all of the ammoniacal-nitrogen was oxidized to 
nitrate-nitrogen and any differences which might have existed between the 
planted and unplanted soils were obscured. Even an incubation period of 
18 days, which was used with the soils at the second sampling, proved too 
long. Nitrification in the soils of the last three samplings was determined 
after incubation Tor T days. " Results of these last observations show some 
slight influences of development of plants upon nitrification of ammonia. 
Greater nitrification is apparent if the process is measured by disappearance of 
ammonia than by formation of nitrate. In fact, except with the beans, 
mangel beets, and rape, it would appear that the plants exerted no detectable 
influence on nitrification of ammonium sulfate as measured by formation of 
nitrate. On the other hand, if disappearance of ammonia is considered, it 
appears that in the last three periods of study all of the plants except potatoes 
increased nitrification. The explanation for the differences between nitrate 
formation and ammonia disappearance does not appear to be clear. It might 
be assumed that the development of higher plants introduced into the soils 
appreciable amounts of decomposable organic material containing very little 
nitrogen. In the decomposition of such substances microorganisms would 
assimilate some of the available ammoniacal nitrogen. However, such an 
explanation does not seem logical in view of the fact that nitrate-nitrogen 
accumulated in considerable amounts during the incubation of these soils 
where no substances were added. It is quite possible that some of the ammonia 
or nitrate became physically attached in the soil and was not detected by the 
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methods used for its estimation. Whatever factors were active, exerted a 
more pronounced effect in the planted soils. 

Provided that nitrification of ammonium sulfate was more rapid in soils 
obtained from plant roots than from fallow soils it seems likely that this 
might be ascribed to the presence of a more active nitrifying population. The 
moisture content of all of the soils was kept the same, the temperatures of 
incubation were identical and the reactions were practically the same in all 
cases. Assu min g that the activity of the organisms at the time of s amp ling 
was the controlling factor, it is reasonable to expect that differences between the 
soils would be eliminated after prolonged incubation subsequent to the addi¬ 
tion of ammonium sulfate. Differences would be expected only in the first 
few days after the addition of a mm onia. Such has proved to be the case. 
Although no conclusions can be drawn concerning the periods at which nitri¬ 
fication is most rapid or concerning the factors involved, it does appear that 
development of practically all of the plants has resulted in the appearance of a 
more active nitrifying flora. As in the other biological studies, the potatoes 
produced the slightest effects and the rape the most marked influences. 

SUMMARY 

Results are reported of the influences of the development of higher plants 
upon certain activities of microorganisms in soils. Measurements were made 
of the amounts of carbon dioxide formed by the microorganisms, of the amounts 
of nitrate-nitrogen produced from the soil organic matter, and of the nitrifica¬ 
tion of ammonium sulfate. The measurements were made periodically during 
the growth of plants cultivated both in the field and greenhouse. The follow¬ 
ing effects were apparent: 

1. The evolution of carbon dioxide was greater from soils which supported plant growth 
and the course of the formation of the gas during the season was distinct for each of the 
plants and related to growth characteristics of the plants. 

2. The course of the influences of the plants on the formation of carbon dioxide was much 
the same as the course of changes in the bacterial population in the soil. The plants exerted 
slight effects in the early stages of growth, maximum effects at advanced vegetative develop¬ 
ment and fruiting, and less pronounced effects subsequent to degeneration and death. Be¬ 
cause of their more prolonged development, biennials raised the level of carbon dioxide produc¬ 
tion over longer periods of time than did the annuals. 

3. The evolution of carbon dioxide in unplanted soil decreased as the season advanced. 

4. Nitrification of the soil nitrogen was affected in somewhat the same manner as was 
evolution of carbon dioxide. Nitrates accumulated more rapidly in soils which supported 
growth of plants, and the enhanced effects of plants were apparent during advanced stages of 
growth. 

5. Nitrification of ammonium sulfate in the soils did not appear to be affected by plant 
development to so great an extent as nitrification of the soil nitrogen. During the early 
stages of the transformation, ammonia disappeared more rapidly in the soilp which supported 
plant growth but the differences became obscured during extended periods of incubation. 
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The influences of plants upon this process appear to be more striking if the transformation is 
studied by determining the disappearance of ammonia than by dete rmin i n g the formation of 
nitrate. 

6. The acceleration in evolution of carbon dioxide and nitrification of the soil nitrogen is 
believed to be the result of the addition of organic substances to the soil by the growing plants. 
It seems likely that these organic materials have relatively narrow carbon-nitrogen ratios. 
Transformation of these plant materials may be responsible for increasing the activity of the 
nitrifying flora. 

7. The course of the influences of the plants upon the evolution of carbon dioxide by the 
soil organisms suggests that the microorganisms are important agents in increasing the carbon 
dioxide in the soil and the bicarbonates about roots during plant development. 

8. The plants increase the activities of soil organisms to a pronounced degree after the 
periods of maximum absorption of nutrients by the plants. Consequently the availability of 
the nutrients in fallow soils may be much the same as their availability in planted soils during 
the periods when these substances are required in greatest abundance by the growing plants. 
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IS SULFUR A LIMITING FACTOR OF CROP PRODUCTION IN SOME 
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Sulfur is an essential constituent of the bodies of plants and animals. Like 
nitrogen in its cycle, sulfur journeys through earth, air, and water, occurring 
in both the organic and the inorganic forms. Native nitrogen occurs in the 
atmosphere, native sulfur in soil and water. Sulfur and nitrogen find their 
way into the atmosphere through combustion and decay; they both are ren¬ 
dered available to the growing plants through biological processes. Animals 
require both nitrogen and sulfur in the organic form. A vast amount of work 
has been done on the nitrogen cycle, much less on the sulfur cycle. This is 
because of the different values which have been assigned to the two processes. 
Three modem discoveries, however, have given to the sulfur cycle a new in¬ 
terest: 1. Modem methods of analysis have shown that sulfur constitutes a 
greater proportion of plant and animal tissues than was formerly believed to 
be the case. 2. Soils have been found which contain insufficient sulfur to 
meet the needs of the growing plants. 3. It has been learned that sulfur may 
play an indirect r61e in the liberation of plant-food. With these facts in mind, 
a study has been made of: ( a ) The sulfur content of a limited area of the 
Cache Valley soils; (b) the sulfur removed from these soils by growing crops; 
( c ) the quantity of sulfur brought to the soil by rain and irrigation waters; (d) 
the influence of sulfur carriers upon the bacterial activity of the soil, and (e) 
the influence of sulfur on the yield of barley. 

SULFUR IN SOIL 

Soils were collected from various localities in Cache Valley and analyzed for 
total sulfur. The samples were taken to a depth of 12 inches, great care being 
taken to see that a representative sample was obtained from each district. 
The total sulfur in the soil was determined by the moist-fusion method (2). 
The averages of closely agreeing determinations are given in table 1. 

Two facts are evident from these results: First, there is a wide variation in 
the sulfur content of Cache Valley soils; second, the sulfur content of some of 
these soils is very low. This becomes evident in comparison with the sulfur 

1 Contribution from the department of bacteriology and chemistry, and department of 
physics. Publication authorized by director, February 21,1929. 

8 It is a pleasure to acknowledge the kind assistance of C. T. Hirst, D. H. Nelson, J. Dudley 
Greaves, Lester Hirst, and Yeppa Lund in the analytical work. 
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content of soils from other parts of the United States. The soils of Missouri 
(5) were found to contain from 297 to 1067 pounds per acre-foot of soil. Iowa 
(3), 700 to 900; Oregon (16), 720 to 1200; Wisconsin (12), 660 to 2000; Nebraska 
(1), 828 to 2526; Kentucky (18), 900 to 2340; Kansas (20), 972 to 1656; 
Tennessee (15), 1850; and the average for the eastern part of the United States 
(17) is 1440 pounds per acre-foot of 3,600,000 pounds. These have all been 
calculated on the same bases as the Cache Valley soil, 3,600,000 pounds of soil 
per acre-foot. The sulfur content of the Greenville soil is lower than any of 
these, and all but two of the Cache Valley soils contain less sulfur than the 
average of the eastern part of the United States. The average for the Cache 
Valley soils is only 903 pounds per acre-foot. Oregon, Wisconsin, Iowa, and 
Missouri, all of which have been considered by some workers as deficient in 
sulfur, contain more sulfur than Cache Valley soils. 

TABLE 1 


Percentages and pounds per acre of sulfur in typical Cache Valley soils 


LOCALITY 

SULFUR 

SULFUR IN 
3.600,000 
FOUNDS SOIL 

Greenville Experiment Farm. 

per cent 

0.007 

pounds 

252 

Smithfield. 

0.014 

504 

Lewiston. 

0.019 

684 

Cache Junction. 

0.019 

684 


0.020 

720 

Trenton. 

0.023 

828 

Hyrum. 

0.024 

864 

Cornish. 

0.025 

900 

Richmond. 

0.033 

1,188 

1,548 

1,764 

Newton. 

0.043 

Petersboro. 

0.049 



A general estimation of the durability of a soil may be obtained by compar¬ 
ing the quantity of sulfur it contains plus its gain from various sources with 
the yearly sulfur loss. Table 2 indicates the quantity of sulfur removed yearly 
from the soil by maximum crops. In the case of wheat, oats, barley, and 
com, the data have been obtained from average results obtained by the analyses 
of numerous samples grown under varying conditions in different sections of 
Utah (11). The sulfur content of the grains varied widely, depending upon 
variety, soil, and whether or not irrigation water was used. Therefore, under 
varying conditions, more or less sulfur may be removed by the same crop than 
is indicated by the figures given in table 2, but they may be taken as close 
approximations of what may be expected under general conditions. The sul¬ 
fur in the other crops has been calculated from the work of Hart and Peterson 
(12). The determinations by these, as well as those by the present workers, 
were obtained by the moist-fusion method; consequently, they represent the 
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sulfur removed by the plants. This was not the case where the analyses were 
made on the ash. 

It is evident that the sulfur removed annually from the soil varies widely 
with the crop. A 300-bushel crop of potatoes removes only 5 pounds, whereas 
an 8-ton crop of alfalfa removes 52.8 pounds. Moreover, it has been shown 
elsewhere (11) that there may be a great variation in the sulfur content of 
grain; for example, there was found to be a difference of 230 per cent in the 
sulfur content of wheat, 255 per cent in the case of oats, and 293 per cent in 
the case of barley, depending upon whether much or little was available to 
the growing plant. 


TABLE 2 

Pounds of sulfur removed from on acre of soil by maximum crops 


CROPS 

SULFUR 

Com grain (100 bu.). 

pounds 

9.5 

Com stover (3 tons). 

7.6 

Total crops. 

Wa 

Barley grain (100 bu.). 

7.4 

Barley straw (2.5 tons). 

7.4 

Total crops. 

14.8 

Oats grain (100 bu.). 

6.1 

Oat straw (2.5 tons). 

6.0 

Total crops. 

12.1 

Alfalfa (8 tons). 

52.8 

Peas (4 tons). 

13.6 

Sugar beets (20 tonp). 

13.0 

Potatoes (300 bu.)... 

5.0 



The exact nature of the process of assimilation of sulfur or other plant-food 
substance from the soil is not known. It may perhaps be assumed, however, 
without serious error that the rate of increase of crop yield with increase in 
sulfur is proportional to the magnitude of the sulfur deficiency in the soil. 
In order to obtain a first approximation as to the nature of the influence of 
sulfur on crop yield, it is doubtless appropriate also to assume that the time 
rate of depletion of sulfur (on the supposition that none is added from outside 
sources) is proportional to the product of the sulfur content of the soil and the 
crop yield. These two hypotheses lead to the conclusion that the crop yield 
will diminis h from year to year at a rate dependent upon the nature of the 
physiological requirement of the plant for this substance as a plant-food and 
upon the length of time sulfur-requiring plants have been grown upon the soil. 

In order that this may be brought out somewhat more quantitatively, the 
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mathematical development leading to an exponential relationship is here 
presented in full. 

If we introduce the symbols: 

y = crop yield per annum, 

^ = sulfur content of soil, 

so = sulfur content of soil required for optimum growth, 

ki and h represent proportionality constants as yet undetermined, 

i — time, 

we may set down the following equations expressing the hypotheses named 
above: 


dy/ds — ki (So — s ) 
ds/dt « — h ( sy ) 

Integrating (A), we obtain 

y = k i 0 sos — s 2 / 2) + k*. 

Differentiating this equation with respect to the time, 

dy/dt = ki (so — s) ds/dt . 

Eliminating ds/dt by means of (B), equation (D) becomes 

dy/dt = — c(sq — j) sy. 

where c is defined as 


(4) 

(*> 

(C> 

(D> 

(E) 


C « kik%. 

Upon integration equation (E) becomes 

y a y^-cf<S*-s)sdt (/?) 

It is to be noted that the exponent will approach a finite limiting value as 
^ approaches zero, and if the integration constant of equation (c), fe, is taken 
as zero, we may conclude that y will approach zero asymptotically. Equa¬ 
tion (E) indicates also that the tangent to the curve of equation (F) will be 
zero when $ is at the optimum value sq, so that we may infer without any 
attempt to complete the integration of equation (F) that the relationship* 
between y and t will conform to some such family of curves as is represented 
in figure 1. 

As has been shown (4) in connection with a study of the economic applica¬ 
tion of irrigation water, the sulfur content of the soil should not be allowed 
to fall below the point determined by the following equation, 


h (so — s) =* e/a (0) 

where e represents the cost per unit quantity of sulfur applied and a the value 
of unit quantity of crop produced. The question, therefore, as to whether 
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or not sulfur should be added as a fertilizer will depend upon the constant 
ku which will be characteristic of the crop and of the soil, and upon the con¬ 
stants e and a, which wijl depend upon the locality. The comparatively low 
content of sulfur in Cache Valley soils and the small amount in the irrigation 
streams supplying water for parts of the valley indicate that the problem is 
deserving of careful attention. 

SOIL GAINS IN SULFUR 

Combustion and decay are constantly liberating gaseous sulfur compounds. 
Millions of tons of sulfur are thrown into the atmosphere by volcanoes and 
from chimneys, especially from some manufacturing plants. This sulfur finds 



Fig. 1. Curve Illustrating Decrease in Crop Yield with Time, as Sulfur Diminishes, 

as Shown by Equation F 

its way back into the oceans, lakes, and streams of the country, and into the 
soil. The quantity of sulfate discharged into the sea is enormous. The salts 
of its waters contain about 7.69 per cent of the sulfate radical; consequently, 
one would expect some sulfur brought to irrigated soils by irrigation waters. 
The principal irrigation waters of Utah have been analyzed, and in table 3 is 
indicated the pounds of sulfur brought to the soil by one acre-foot of the specific 
waters. These results are the averages of many determinations made during 
different years and seasons of the year; consequently, they represent rather 
accurately the sulfur which soils may be expected to receive with irrigation 
waters. 

Emery Creek contains 676 pounds of sulfur in an acre-foot of water, Price 
River, Huntington Creek, Sevier River, Jordan River, and Ferron River all 
carry over 200 pounds of sulfur in an acre-foot of water. Consequently, none 
of the lands irrigated with these waters would become deficient in sulfur. 
These waters are high in alkali salt, however, and because of their hicrh salt 
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content (10) may be injurious. The water of five streams and one lake tested 
contained between 100 and 200 pounds of sulfur in an acre-foot of water; 
seven others carried between 50 and 100 pounds. Twenty-seven streams 
carried less than 50 pounds, and all but two of these carried less than 25 pounds 
of sulfur in an acre-foot of water. Consequently, very appreciable quantities 
of sulfur are carried to the soil by some irrigation waters, and the quantity 
varies greatly with the streams. Some waters would furnish sufficient for 
even maximum irrigation crops of even heavy sulfur-requiring plants, whereas 


TABLE 3 

Amount of sulfur contained in one acre-foot of water from various sources 


STREAM 

SULFUR PER 
ACRE-FOOT 
WATER 

STREAM 

SULFUR PER 
ACRE-FOOT 
WATER 


Pounds 


pounds 

Emfiry Cr#»#*1r. t . 

676 

Spring Creek. 

36 

Price River.:. 

574 

Salt Creek. 

33 

TTiinHngrtnn Crefilc . 

343 

Parley’s Creek. 

37 

River. 

228 

Big Cottonwood. 

31 

Jordan River. 

205 

Provo River. 

31 

Ferron River. 

203 

West Cache Canal. 

30 

XTtnVi T .ato . 

198 

Hobble Creek. 

24 

Beaver River. 

189 

Rock Creek. 

23 

XJinta River. 

184 

Weber River. 

19 

Fork. 

178 

Little Cottonwood. 

19 

Green River. 

165 

Parowan Creek. 

16 

Cottonwood. 

124 

North Creek. 

15 

Mill Creek. 

91 

Summit Creek. 

14 

Strawberry. 

87 

Indian Creek. 

12 

Cedar Creek... 

78 

Clear Creek. 

11 

Bear River. 

76 

Ogden River. 

11 

Santa Clara. 

60 

Little Bear River. 

9 

American Fork... 

54 

Box Eider Creek. 

9 

Emigration Creek. 

50 

Red Creek... 

8 

Spanish Fork. 

49 

Summit Creek. 

7 

Ashley. 

44 

Logan River. 

7 

Duchesne. 

40 

Maple Creek. 

7 

Beaver. 

38 

* « 

Cub River. 

3 


other waters would carry insufficient quantities but would assist in maintain¬ 
ing the sulfur content of the soil. It is interesting to note that the principal 
streams of the Cache Valley region, Cub River, Logan River, and Little Bear 
River carry only small quantities of sulfur. This raises the question: Will 
soils watered and especially drained by other streams low in sulfur likewise 
be associated with soils deficient in sulfur? The likelihood is great that this 
will be the case. The Cache Valley soils irrigated from West Cache Canal 
and Bear River would receive appreciable quantities of sulfur in the irriga¬ 
tion waters, but the soils watered by the other streams would not. 
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In addition to the sulfur brought to the soil in irrigation water, there is an 
annual gain from the atmosphere, brought in by the precipitation. During 
the years 1924 to 1927, inclusive, samples of rain and snow from the rain 
gages of the valley were collected after each storm, stored in glass-stoppered 
bottles, and analyzed twice a year. Samples were collected from ten localities 
in Cache Valley. The average annual pounds per acre brought to the soil 
in rain and snow are indicated in table 4. 

The high results obtained on the college campus are undoubtedly due to 
the large quantities of soft sulfur-bearing coal being burned near the rain gauge 
where the precipitation is collected. The sulfur brought annually to the soil 
per acre in the other localities varied from 6.4 to 12.1 pounds of sulfur, with an 
average of 9.5 pounds in the valley. This being an average from nine stations 


TABLE 4 

Pounds per acre of sulfur carried to soil annually by precipitation 


LOCALITY 

ANNUAL AMOUNT 07 
SULFUR PER ACRE 

College Hill. 

pounds 

32.7 

Newton. 

12.1 

Hyrum. 

11.6 

Petersboro. 

10.9 

Richmond. 

10.7 


9.3 

Cache Junction. 

9.1 

Lewiston. 

8.7 

Smithfield... 

6.6 

Cornish,. 

6.4 



and extending over a period of four years makes it probable that it represents 
approximately the quantity of sulfur these soUs receive annually in the pre¬ 
cipitation. An examination of the results reported by Joffe (13) of the sulfur 
brought to the soil in other places reveals the fact that the results at the Utah 
station are far lower than those reported for Garforth, England; Leeds, Eng¬ 
land; Petrograd, Russia; Urbana, Illinois; Ithaca, New York; Tennessee; 
and Mt. Vernon, Iowa, where the annual amount of sulfur brought to the soil 
per acre varies from 26 to 131 pounds. These places are located near centers 
where large quantities of coal are burned; consequently they receive greater 
quantities of sulfur than would soil in the open country. 

The quantity of sulfur brought to the soil in some parts of Russia, Sicily, 
New Zealand, Rothamsted (England), Samaria, and Wisconsin are nearer the 
quantity of 6 to 10 pounds per acre brought annually to the Cache Valley soils. 

If we assume, therefore, that the sulfur brought to Cache Valley soils an¬ 
nually in the precipitation is 9.5 pounds per acre and 7 pounds per acre annu¬ 
ally in the irrigation water (the actual quantity found in the Logan River 
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water which is used on some of these soils), there would be an annual gain of 
16.5 pounds. Where the Cub River water is used on these soils there would 
be an annual gain of only 12.5 pounds. Where barnyard manure is used there 
would be sulfur added with the manure. It is likely that the sulfur brought 
to the soil annually by precipitation and irrigation water would be about 
sufficient to account for the annual removal in such crops as wheat, oats, bar¬ 
ley, com, peas, and sugar beets. Where crops like alfalfa are grown, the sul¬ 
fur of the rain and irrigation water would be far from sufficient to meet the 
needs of the growing plants. Consequently, from these results it may be 
concluded that with some crops sulfur may become a limiting element in some 
of the Cache Valley soils, and that at a not-far-distant date. 

In all of the preceding calculations no account has been taken of the sulfur 
lost in drain waters, nor do we have any data on this phase of the subject. 
The data compiled by Joffe (13), however, show an annual loss of from 8 to 
281 pounds of sulfur removed in the drainage water. The quantity lost 
would vary with the kind of soil, the amount of precipitation, the system of 
cropping, and the methods of cultivation. 

It has been found by Jones (14) that the annual loss of sulfur from drainage 
in some of the sulfur-poor soils of Oregon, is 15 pounds. Now, if we accept 
this as an approximation of the loss from the Cache Valley soils and that 
annually there are 7 pounds brought to the Greenville soil per acre in the irri¬ 
gation waters and 9.5 pounds in the precipitation, there would remain in the 
soil 1.5 pounds per acre annually over that removed to supplement the native 
soil sulfur. Even with crops requiring only small quantities of sulfur this 
would not meet their need, and with some other crops—alfalfa, for instance— 
it would be an insignificant quantity. Consequently, these results point to 
the conclusion that some of the Cache Valley soils will ultimately become 
deficient in sulfur. The time required for this to become evident will vary 
with the specific soil, the nature and the size of the crop grown, and the quan¬ 
tity of manure returned to the soil. This is just the opposite of the conclusion 
reached by Stewart (19) who figures on an annual gain of 45 pounds per acre, 
which is more comparable to the figure obtained for the precipitation on the 
college campus. Using the figure, 35 pounds annually, onp could conclude 
with Stewart that sulfur is not a limiting element in crop production. 

INFLUENCE OF SULFUR ON SOIL BACTERIA 

The small quantity of sulfur in the Greenville soil made it appear probable 
that, when added to the soil, sulfur would increase its bacterial activities. 
This was tested by Fife (6) who added sulfur to soils and found that for the 
short time under observation sulfur had no uniform effect upon the number 
of bacteria and upon the nitrogen-fixing powers of the soil but that ammoni- 
fication was increased from 50 to over 100 per cent, depending upon the soil 
and the amount of sulfur applied. In some cases the nitrification was increased 
over 100 per cent. These effects could have come from the rapid oxidation 
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of the sulfur with the production of sulfuric acid, which would increase the 
available plant nutrients in the soil. For this reason, the influence of sulfur¬ 
carrying salts upon the ammonifying, nitrifying, and nitrogen-fixing powers 



Fcg. 2. Illustrating Ammonia Accumulation in Soil to Which Have Been Added 
Varying Amounts and Kinds of Sulfur-carrying Salts 


of the soil has been determined. The determinations were made by the tum¬ 
bler method on Greenville soil to which various quantities of the sulfur carriers 
were added. In the ammonifying and nitrifying tests one per cent of dried 
blood was added, whereas in the nitrogen-fixation tests one per cent of lactose 
was added to the soil. The sulfates of sodium, potassium, calcium, magne- 









PERCENT fNITOL NI7ROOEW 


454 


J. E. GREAVES AND W. GARDNER 





SULFUR AND CROP PRODUCTION 


455 


manganese, calcium, and iron sulfate but not to the sodium, potassium, and 
magnesium sulfates, which would lead to the conclusion that the action is 
probably due to the cation and not the anion. 

The results for nitrification are given in figure 3. Both manganese and 
calcium sulfate stimulate, the latter to a marked extent, but it is likely that 
the stimulation is due to an indirect action of the salt (9). 

The results for nitrogen fixation are given in figure 4. All the sulfates 
increase nitrogen fixation to a varying degree, depending upon the specific 
sulfate and the quantity added. In pot experiments extending over a series 



2.0 24- 2.8 32 36 

LO&.OFRRMJN/OO &RAHS OF SOIL 


Fig. 4. Illustrating Soil Gains in Nitrogen Where Varying Quantities and Kinds of 
Sulfur-carrying Salts Are Applied to the Soil 

of years it has been shown that the increase in nitrogen is often considerable 
(8), and it is only in the case of sulfate-treated soils that the typical azotobacter 
membrane was observed (7). Up to the present, however, pot experiments 
with barley as the crop have given no regular results from which it might be 
concluded that sulfur is or is not beneficial. 


SUMMARY 


An analysis of the Cache Valley soils shows them to contain from 252 to 
1764 pounds of sulfur per acre-foot of 3,600,000 pounds. The average sulfur 
content of the soil analyzed was 903 pounds per acre-foot. 
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' On the basis of certain simplifying assumptions, a mathematical equation 
is developed indicating the general form of the relationship between the crop 
yield and the time where no sulfur is added from outside sources. 

On the basis of this equation and by means of the law of diminishing re¬ 
turns, a method of determining the critical sulfur content in terms of soil and 
crop characteristics and economic constants is illustrated. 

The quantity of sulfur carried from the soil varies with the crop, the quantity 
of water applied and the composition of the soil. 

Analyses of the water of 45 streams, the waters of which are used for irriga¬ 
tion purposes, showed them to carry from 3 to 676 pounds of sulfur per acre- 
foot of water. Six streams carried over 200 pounds and 34 streams carried 
less than 100 pounds. Consequently, the quantity of sulfur carried to the 
soil by irrigation water is often appreciable. The waters used on the soils of 
Cache Valley contain only small quantities of sulfur. 

The precipitation was collected in ten different localities in the valley. 
The average annual quantity of sulfur brought to the soil over a period of 4 
years at nine of the ten stations varied from 6.4 to 12.1 pounds, with an average 
of 9.5 pounds. The precipitation collected near the college campus had an 
average annual sulfur content of 32.7 pounds. 

Sulfur-carrying salts increase the bacterial activities of the soil. This is 
especially pronounced in the case of nitrogen fixation. This may be due either 
to the direct action of the sulfur as a food, to the microorganisms, or to an 
indirect action upon insoluble nutrients. 

The conclusion is reached that sulfur may become a limiting factor of crop 
production in some Cache Valley soils. The time required for this to manifest 
itself in diminished crop returns will vary with the soil, the specific irrigation 
water used, and the crop grown upon the soil. 
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NITRATES IN SOIL AND PLANT AS INDEXES OF THE NITROGEN 
NEEDS OF A GROWING CROP 1 
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The Rhode Island Agricultural Experiment Station has been engaged for 
some time in a series of attempts to determine the feasibility of controlling 
optimum fertilization of market-garden and field crops by the maintenance of 
optimum concentrations of mineral nutrients in the plant solution or in the 
soil extract, as measured by chemical analyses. Two papers have appeared, 
suggesting tentative minimum concentrations to be exceeded to insure normal 
yields. In 1927 “The current mineral nutrient content of the plant solution 
as a possible means of chemical control of optimum fertilization” was discussed 
by Gilbert and Hardin (2), and in 1928 Smith (7) made suggestions concerning 
“Desirable soil-nitrate levels for certain market-garden crops.” 

During the growing season of 1928 further efforts were made to control soil 
and plant-nitrate levels by side-dressing with soluble nitrogen fertilizers at 
intervals during the season. This paper is concerned with two aspects of the 
problem: 

1. The 1928 attempts to control nitrate concentrations. 

2. A comparison of the soil and plant as sampling sources with regard to 
their general applicability for the prediction of a future nitrogen need of a crop. 

CHEMICAL METHODS 

The methods of measuring nitrates have been described in detail elsewhere. 
The methods used in measuring the nitrate nitrogen in the soil were those of 
the junior author (7), and determinations of nitrates in the plant solution were 
made according to the technique described by the senior author (1). The 
analyses here reported are in terms of nitrate nitrogen in the expressed plant 
solution and that in oven-dry soil. 2 

GROWTH MEASUREMENTS 

It has been realized that in order to approach more definitely any problem 
which involves the study of modifications in yields some knowledge of the 
growth curve for each crop is essential. Therefore, study has been given to the 
problem of how best to measure growth. It was early recognized that the 

1 Contribution No. 378 of the Rhode Island Agricultural Experiment Station. 

* The plant solution nitrate determinations were made by Donald E. Frear, and J. Eric 
Blaney assisted in the work with soil. 
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ideal method must be simple. Actual measurements of cabbage were tried in 
1926 and reported by Gilbert, et al. (3), but this method proved too time- 
consuming and had too high a labor cost for the results obtained. 

In 1928 a weekly photographic record of celery, lettuce, and cabbage was 
taken. In order to obtain comparable records the focal distance must be kept 
the same from week to week. This was secured by suspending the camera from 
an extension bolted to the top of a stepladder. By staking off the position of 
the stepladder and taking the pictures at the same hour, weekly records were 
obtained. The areas covered by each individual in the cases of cabbage and 



lettuce, and the row areas with celery were computed by means of caliper 
measurements made on the photographs. A single plant average per plat was 
thus secured. These figures were further averaged between plats differing in 
nitrogen treatments. By this means, weekly points on a curve of growth were 
obtained (fig. 1). It is recognized that this method of measurement is some¬ 
what rough but it is doubted whether the time and labor involved in the use 
of a planimeter would justify any small increases in accuracy which might 
result 

To date this method of measuring growth has proved feasible only with 
crops which have a horizontal habit of growth. It was tried with com, but 
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the results did not warrant further use. As in all experimental work, the 
number of individuals photographed largely determines the error of the 
method. Thus, for celery the growth curve can be considered more accurate 
than for cabbage where only four individuals could be photographed. 

AGRONOMICAL DATA 

The crops studied were early cabbage, early tomatoes, fall celery, and fall 
beets. These crops were grown on a permanent 3-year market-garden rotation 
established in 1916 and described by Hartwell and Crandall (5). Further 
history of this rotation is given by Smith (7). Table 1 gives a summary of the 
fertilization during 1928, and also the yields obtained. It will be noted that 

TABLE 1 


Total fertilization and yields of 1928 market-garden crops 


CROP 

TREATMENT 

CHEMICALS 

MANURE- 

COMPOST 

YIELD PER ACRE 

N 

PtO e 

RsO 



Pounds 

Pounds 


tons per 




per acre 

per acre 


acre 



Standard 



90 

' * 

465 barrels 

L&DDage. \ 

Low N 

60 


90 

* 

423 barrels 

( 

Standard 

90 

120 

90 

....t 

328 bushels 


Low N 

30 

120 

90 

• •••t 

289 bushels 


Standard 

90 

120 

50 

26 

375 hundredweight 

celery....\ 

Low N 

30 

120 

50 

26 

315 hundredweight 

r 

Standard 

75 


50 

» . . . * 

335 bushels 


Low N 

24 


50 

* 

250 bushels 


* Thirty-two tons in each 3-year round; none the cabbage-beet year, 
t Green manure annually. 


the sole variant was the nitrogen and that a definite increase in yield was 
obtained where the larger quantities of nitrogen were used. Although a large 
proportion of the fertilizer nitrogen was ammonia nitrogen, a rapid rate of 
nitrification usually left only traces of ammonia in the soil, as was shown by 
ammonia determinations made by Harper’s method (4) in soil samples taken 
weekly. 

Early cabbage 

Golden Acre cabbage plants were set April 19. The harvest began July 9 
and was completed on July 26. The initial fertilizer (table 1) application was 
made just before the plants were set. No manure was used in the current year, 
but these plats received a total of 32 tons of manure-compost in each 3-year 
round of the rotation. The yields were somewhat higher than the 11-year 
average reported by Hartwell and Crandall (6) 
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Tomatoes 

Murry’s New Early Wonder tomato plants were set May 23. The harvest 
began on July 20 and finished September 7. The tomato crop, as described 
in this paper, was grown on plats which had been green-manured with buck¬ 
wheat the previous fall. Although the vine growth was very vigorous, the 
yields of fruit were somewhat depressed, possibly because of adverse weather 
conditions which influenced the pollination and thus the set of fruit. Wind 
injury to the foliage in mid-July may have further reduced the yields. 


TABLE 2 

Applications of nitrogen during the growing season of 1928 




INTTIAX 

PERTILIZA.TION 


SIDE-DRESSINGS 


CROP 

TREATMENT 

NaNOj—N 
per acre 

L 

ll 

g! 

DATE 

NaNOr-N 
per acre 

l 

$s 

IE 

TOTAL N 
PER ACRE 


Standard 

pounds 

9 

pounds 

19 

May 17 

pounds 

9 

pounds 

19 

pounds 

28 


Standard 

.... 

.... 

June 5 

9 

19 

28- 

Cabbage. 

Standard 

.... 

.... 

June 28 

8 

17 

25 


Low N 

5 

9 

May 17 

5 

9 

14 


LowN 

.... 

.... 

June 5 

6 

11 

17 


Standard 

7 

19 

July 6 

9 

19 

28 

Tomatoes. 

Standard 

•«• • 

.... 

July 25 

9 

13 

22 


Low N 

2 

5 

July 6 

3 

5 

8 


Standard 

0 

0 

August 10 

9 

19 

28 


Standard 

.... 

.... 

August 31 

9 

19 

28 

Celery.- 

Standard 

.... 

.... 

September 21 

12 

23 

35 


Low N 

0 

0 

August 10 

5 

6 

11 


LowN 

.... 

.... > 

August 31 

5 

14 

19 


Standard 

9 

19 

September 21 

9 

19 

28 

Beets.- 

Standard 

.... 

.... 

October 3 

7 

13 



LowN 

4 

8 

September 21 

4 

8 

12 


Celery 

Golden Plume celery plants were set July 12, and cut about the middle of 
October after being boarded during the last week of September 
This crop was grown on a stable-manure rotation and the yields were as 
shown in table 1. These yields^ which were exceptionally good as compared 
with average yields of former years, coupled with growth observations, show 
that the celery crop was supernormal. This may have been caused by the 
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rather exceptional moisture conditions during the growth period of celery, 
brought about by a providential rain at setting time and unusually high 
precipitation during September and October. 

Fall beets 

A mixture of Crosby’s Egyptian and Early Wonder seed was sown July 31. 
The beets were pulled late in October. The plats concerned were fertilized 
following the removal of the early cabbage crop (table 2). The yields obtained 
were considered to be normal. 


CHEMICAL CONTROL 

During 1928 an attempt was made to maintain definite levels of nitrogen 
feeding by applying portions of the nitrogen fertilizer as side-dressings when¬ 
ever the soil-nitrate determinations indicated them to be necessary. The 
amounts and dates of applications of side-dressings are given in table 2. Some 
idea of the effectiveness of this method may be gathered from the graphical 
description of soil and plant nitrates shown in figure 2. Rapid fluctuations in 
metabolism in the plant, microbiological action, and nitrate movement in the 
soil made it impractical and perhaps impossible to control nitrate concentra¬ 
tions except within wide limits. With cabbage, tomatoes, and celery the 
nitrates in both plant solution and soil were maintained for the plat receiving 
optimum fertilizer at, or above, the levels recommended by Smith and Gilbert 
for the greater part of the season. With beets, however, the concentrations 
were allowed to drop before side-dressings were applied, after which time it 
seemed difficult to raise the concentrations to those recommended. 

Early cabbage 

The maximum growth period of cabbage was during the month of June, as is 
shown by the curve of growth in figure 1. Side-dressings applied May 17 and 
June S influenced the soil-nitrate curve whereas that applied June 28 was 
reflected by the plant-solution nitrate alone. The depression in the soil- 
nitrate curve from June 11 forward is of especial interest in the light of high 
nitrates in the plant during this period. Doubtless the demand of the plant 
was so great as to rapidly deplete the soil of nitrates. The cabbage crop was 
in the heading stage during the latter portion of this period and this, without 
doubt, accounted for the very rapid depletion of the soil even after the extra 
application of fertilizer nitrogen on July 28. The optimum fertilizer plat 
had soil-nitrate concentrations above 10 p.p.m. until June 18. For the rest 
of the season the nitrate nitrogen in plant solution was above the recom¬ 
mended 300 p.p.m. 

Tomatoes 

The side-dressing of nitrogen which was applied July 6 produced increases 
in both soil and solution nitrates, whereas that on July 25 did not influence 
the determinations made on July 30. This is doubtless explained by the fact 
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that no rain fell between July 25 and July 30, and the fertilizer had not pene¬ 
trated the soil. This application appeared in later determinations, as shown 
in the tomato curve (fig. 2). The nitrate nitrogen of the soil was maintained 
quite consistently above 20 p.p.m. and that of the solution above 300 p.p.m. 
for the entire season on the optimum plat (fig. 2). 

Celery 

The influence of applications of fertilizer on August 10 and August 31 is 
indicated by the soil-nitrate curve for celery (fig. 2). 

The growth curve (fig. 1) of celery shows that there was no very pronounced 
ma xim u m period during which the celery drew excessively on soil nitrates. 
Thus the maintenance of levels with this crop should be easier than with a 
rapidly growing crop such as spring cabbage. Low temperature conditions, 
during the time when celery would naturally make its greatest demand for 
nitrogen, were doubtless a factor, since this would slow down metabolism and 
thus limit the absorption of soil nitrates. 

Concentrations of nitrate nitrogen were maintained above the recommended 
10 p.p.m. in soil and 300 p.p.m. in plant solution for the greater portion of 
the season. 

Fall beets 

With beets, side-dressings were not applied until the soil nitrates were 
reduced to a trace. The application made on September 21 affected both the 
soil and solution nitrates, whereas that of October 3 was apparently quickly 
secured by the plant and, therefore, shows only in the solution curve. Because 
of the late date at which the first side-dressing was applied, the nitrates in both 
soil and solution were much below the desired levels for a considerable portion 
of the growth period. 

Except in the case of tomatoes, the optimum fertilizer plats produced crops 
comparable in yield to the 11-year average of Hartwell and Crandall (6). With 
beets as an exception, optimum nitrogen fertilizer was correlated with the 
recommended levels of nitrates in soil and solution and also with higher 
yields. Beets gave greater yields with the optimum fertilizer than with 
less nitrogen. 

EVALUATION OF METHODS 

It is of interest to note that although two methods were used in this attempted 
control of fertilization, neither of them can be considered to conform perfectly 
to the demands upon them. An ideal method should, with ease and speed of 
manipulation, provide accurate indications of the need for further fertilization 
at any given point in the growth of a crop. A study of the soil-nitrate curves 
shows that, whereas in the early stages of growth when the demands of the crop 
were small, the method served to portray accurately the nitrate reserves 
available to the crop, later in the season the picture was not always clear. 

To demonstrate this, curves for the averages of both the soil nitrates and the 
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Fig. 3. Comparisons of Average Curves of Nitrate Nitrogen in Soil and Plants Throughout the 1928 Growing Season 
Soil nitrates are indicated on the ordinates by numbers from 0—60 and plant solution nitrates by numbers from 0—600. Dates of fertilize 
[e-dressings are indicated by stars on the abscissas. 
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plant-solution nitrates are presented (fig. 3). For tomatoes and beets the 
curves for soil and crop are nicely correlated but it is evident that the incipient 
nitrogen starvation, predicted by the low soil nitrates under rapidly growing 
cabbage and celery late in the season, was contradicted by the abundant nitrate 
reserve found in the plant. Had reliance been placed on soil conditions alone, 
nitrogen would have been used in excess of actual needs, and possibly to the 
detriment of quality in the crop. The soil method insures against nitrogen 
starvation but does not protect from over-feeding. 

Analysis of the plant solution brings the chemist closer to the scene of 
metabolism and depicts current conditions much more sharply than can a study 
of the soil. Its disadvantages lie in a more lengthy manipulation and in 
difficulty in securing sufficient plant material when the crop is small. When 
the needs justify the labor, and frequent sampling is possible, this method 
should prove the better of the two. 

For the control of nitrogen metabolism a combination of both methods 
should be superior to either one alone 

SUMMARY 

In this paper two aspects of the control of fertilization of market-garden 
crops are discussed. 

1. The curves for soil and plant solution nitrates in connection with 1928 
crops of cabbage, tomatoes, celery, and beets are given and attention is drawn 
to the influences of side-dressings of soluble nitrogen fertilizer upon these 
curves. Nitrate concentrations both in soil and in plant solutions were 
maintained above previously designated suboptimum concentrations through¬ 
out the greater part of the season and yields were uniformly greater than with 
lower nitrogen fertilization. 

2. Control of nitrate concentrations within narrow limits proved impossible. 

3. A comparison of the chemical methods used as to their usefulness as 
indexes of fertilizer need is made. The conclusion is drawn from the data that 
both methods should be used concurrently in order to secure a complete picture 
of nitrogen needs. 

4. The determination of soil nitrates predicts the nitrogen needs of young 
plants adequately, but plant solution analyses are more exact for later growth 
stages. 
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It is practically a universally accepted fact that legumes are lime-loving 
plants. They have come to be regarded as lime-loving, not only because they 
respond favorably in plant growth when grown on neutral soil but also because 
calcium is a necessary ion in the metabolism of the plant (13, 24). It is also 
known that the so-called northern legumes, particularly red clover, alfalfa, and 
sweet clover, are easily affected by soil acidity and that they therefore respond 
greatly to an application of lime when grown on acid soil. Practical agricul¬ 
tural experience, however, has shown that some legumes, particularly many of 
the so-called southern varieties, will grow in relatively acid soils without injury 
to the plant. 

A comparative study of the various legumes which would lead to the classifi¬ 
cation of the varieties on the basis of their acid tolerance would be of value to 
the farmer. Possibly with this in view some investigations (3,4, 5) have been 
made during the past 10 years with red clover, alsike clover, vetch, soybeans, 
alfalfa, and sweet clover, with the aim, among other things, of determining the 
exact pH values at which these plants will grow best. This work has done 
much to clarify thinking in respect to these legume varieties and their relation 
to soil acidity or alkalinity and thus has helped to give a more definite basis 
upon which varietal comparisons and recommendations can be made. 

In view of the fact that many of the southern grown legume crops differ in 
variety and in growth response when grown under acid soil conditions from 
many of the so-called northern legumes, an investigation was undertaken to 
determine the comparative acid tolerance of the legumes particularly adapted 
to the southern states. This investigation was primarily a comparative test of 
the acid tolerance of some of the southern legumes. 

EXPERIMENTAL METHODS 

It has been shown (S, 19, 23, 24) that the plant will change the reaction 
of the nutrient medium in which it is growing. To maintain, therefore, a 
relatively constant H-ion concentration in the cultural solution, would mean 

1 Published with the approval of the dean of the college of agriculture. Research paper 
136, Journal Series University of Arkansas. 

* Assistant Agronomist, University of Arkansas. 
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the frequent renewal of the solutions as suggested in the above cited work, or 
else the introduction of an effective buffer. In order to maintai n a constant 
H-ion concentration in the present investigation, pure Ottowa silica sand was 
used, to which a nutrient solution was added with or without a buffer as de¬ 
scribed later. 

In the first series of the experiment 11,000 gm. of silica sand was used for 
each 2-gallon glazed jar. The jars were provided with a rubber stopper in 
which was ins erted a glass tube outlet, after the method described by McCall 
(15). Suction applied to this outlet facilitated the removal of the old nutrient 
solution before the application of new. In all this work the aim was to main¬ 
tain a uniform moisture content of the sand. This was done by first removing 
the excess of old solution by aspirating, and then bringing the jars to a definite 
weight by the addition of more solution. 

Since it was desired to know what effect the H-ion concentration had upon 
the plant as well as upon the nitrogen-assimilating bacteria, two nutrient solu¬ 
tions were used, one containing nitrogen, the other contai n ing no nitrogen. 
The plus nitrogen solution was applied to plants not inoculated whereas the 
minu s nitrogen solution was applied to the inoculated plants. To meet the 
requirement in this experiment a modified form of Tarr and Noble’s (23) basal 
solution was used. The solutions used were as follows: 



MOLECULAR 

CONCENTRATION 

STOCK SOLUTION 
GRAMS IN 2000 CC. 

Solution I: 



Ca(N0 3 ) 2 -4H20. 

.01823/ 

107.40 

MgS04*7Ha0 . 

.00553/ 

33.90 

KH 2 PO 4 . 

.00643/ 

21.78 

K 2 HPO 4 . 

.00323/ 

13.694 

Solution II: 



CaSO.*2HjO. 

.01923/ 

82.0 

MgSOi-7HsO. 

.00553/ 

33.9 

KH*P04. 

.00643/ 

21.78 

K 4 QP 04 .. 

.00323/ 

13.694 


For use, 90 cc. of stock solution I, together with 3 cc. of a 0.1 per cent solution 
of ferric tartrate was made to a volume of 3,200 cc. with distilled water, and 
applied to uninoculated plants. Similarly 100 cc. of stock solution II, together 
with 3 cc. of a 0.1 per cent solution of ferric tartrate diluted to 3,200 cc. with 
distilled water, was added to the inoculated plants. 

For the first series the culture solution was varied to include three H-ion 
concentrations as follows: pH 4.5,5.8, and 7.0. These concentrations in every 
case were determined in duplicate. The pH readings were made by the colori¬ 
metric method, using the La Mott indicators. Fifth normal sulfuric add 
and sodium hydroxide were used in changing the H-ion concentration of the 
nutrient solution. The amount of nutrient solution added every two days to- 
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each jar ranged from 250 to 300 cc. During the first two weeks of the experi¬ 
ment, no buffer other than the mono- and di-potassium phosphate solution was 
used. This, however, did not prove sufficient to maintain the pH values during 
a period of 48 hours, hence a better buffer was introduced, namely, pot as si u m 
acid pthalate. Tarr and Noble (23) found this a satisfactory buffer when used 
at a concentration of 0.005 M. This concentration was reduced to one-half 
during the latter part of the experiment. By the use of this buffer the pH 
values were satisfactorily maintained. No buffer was added to one of the dupli¬ 
cate jars which were maintained at a pH of 7.0, since it was desired to know 
whether it had any toxic effect on the plants. A comparison of the buffer 
effect can be made from these jars. It should be noted that the pH of 7.0 was 
relatively easily maintained, hence, no buffer was actually necessary at this 
reaction. 

Because of the fact that the buffer was found to be toxic to some plants, 
another series of solution cultures was started in which no potassium add 
pthalate was used but where the amount of silica sand per jar was reduced. 
These jars were watered daily with a very ample amount of nutrient solution. 
The basic material in the sand was also first removed with concentrated hydro¬ 
chloric add, and this add in turn removed by repeated washing with water.' 
The sand was then placed in 7-inch earthernware jars which had been coated on 
the inside with paraffin. A modified form of Crone’s nutrient solution, the. 
same as that used by Bryan (3), was applied to the jars. His technique was 
also used in making up the nutrient solution for the noninoculated plants. 
The modified Crone’s solution contained the following chemicals: 


gm* 

KC1.100 

CaCO**2HsO.25 

MgS0 4 *7BW).25 

Ca,(P0 4 ) 2 .25 

FeP0 4 .25 


This solution formula was used for the inoculated plants, but for the uninoc¬ 
ulated plants, the CaC0 3 *2H20 and Ca®(P0 4 ) 2 were each reduced to 22 gm., 
and 25 gm. of Ca(NO$)r 7HzO added. In making up either solution 12 gm. of 
the respective salts were weighed out, placed in a container together with 8 
liters of water, thoroughly shaken, and allowed to stand 48 hours. The 
supernatant solution was then siphoned off and the last portion filtered. The 
pH was then adjusted to various values and applied daily at the rate of 
100 to 150 cc. to each jar. Occasional larger quantities of nutrient solution, 
made to the proper H-ion concentration were added to the jars in order to help 
maintain a constant pH. 

For the third series of this experiment silt loam field soil was used. The 
buffer capacity of this soil was determined according to the method used by 
Runk (22). The collodium bag method (20) was used for obtaining dear soil 
solutions. The pH of the soil was modified by the addition of 2.3 N HC1 and 
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N NaOH or Ca(OH) 2 . By dete rmining the pH concentration at intervals of 
one, two, and three days as well as one and two weeks after the addition of an 
acid or base, it was found that the change in pH did not vary greatly after the 
third day. However, in this experiment, the pH readings were not taken 
until two weeks after the addition of acid or alkali. After this period the soil 
had become stabilized with respect to further pH change. 

In order to obtain consistent results the soil was first passed through a 20 
mesh sieve. Figure 1 gives graphically the amount of acid or base necessary 
to give any H-ion concentration desired in this work. In applying the acid 
or base, 1,300-gm. samples of soil were spread thinly on a large sheet of paper, 
and the add or base was then sprayed over the soil with an atomizer. The soil 
was stirred intermittently. The soil was then placed in 8-inch jars and allowed 



to stand two weeks, at which time a pH reading was taken. The legume seed 
was then planted and a final pH reading made at the time the experiment 
terminated. 

For the first two series of the experiment the legume seeds were first emersed 
in alcohol in order to cut the surface tension so as to allow a free contact of a 
1 to 1000 HgCl 2 solution in which they were washed. They were then thor¬ 
oughly rinsed in distilled water. The seeds of the inoculated series were 
inoculated with the appropriate bacterial suspension and then germinated 
between blotters. After germination the vigorous seedlings were planted 
in the various jars and an additional 150 cc. of strong bacterial suspension 
was added to the inoculated series. The seeds planted in the plus nitrate jars 
received the same treatment as described, with the exception that no inocula- 
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tion was given. The seeds for the third series were sown very heavily in the 
soil without first ger minating them between blotters. The plants were later 
thinne d to six plants to each jar, the weak plants being thereby e limina ted. 



Fio. 2. Green Weight or Legume Plants Grown in Sand Cultures Watered with a 
Modified Form of Tarr and Noble’s Nutrient Solution Made to Various 
H-ion Concentrations 

RESULTS OF EXPERIMENT 

Series I 

A mndified form of Tarr and Noble’s (23) basal culture solution made to va¬ 
rious H-ion concentrations was added to the jars of the first series. Red clover, 
California bur clover, lespedeza, and vetch were planted in these jars. The 
germinated seedlings were planted rather heavy and later the plants were 






TABLE 1 

Results from three varieties of legumes grown on nutrient solutions at pH ranges of 4.5 , 5.5, and 7.0, and under two variables; inoculated without addition 

of nitrates; and with no inoculation but with addition of nitrates 
(Modification of Tarr and Noble’s Basal Solution) 
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1 

I 

1 

il 

P 

2.0 

2.0 

2.4 

2.3 

3.5 

2.5 

Not determined 
Not determined 
Not determined 
Not determined 
Not determined 
Not determined 
2.2 

2.3 

2.5 

2.6 

3.2 

2.8 

Not determined 
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Not determined 
Not determined 


g 

sa 

13 

I s 

H 

5 

Could not be determined 
Could not be determined 
Could not be determined 
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24 

26 

40 

50 

56 

50 

I 

f 

* s 

*ododdd^OHHHrtodddddoddd 

TOPS, 5 PLANTS 

Dry 

weight 

M ddOHHHCS^NdfONOOOH^OHOHH 

Green 

weight 

8S888888Sa88883 88885 a8 

E w fd 0 n 00 a 00 ^ oo d td n ^ 10 d fd fd id n 

^ H w N N H tH 


LEGUME 

California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 
California bur clover 

Red clover 

Red clover 

Red clover 

Red clover 

Red clover 

Red clpver 

Red clover 

Red clover 
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Inoculated. No nitrate 
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Inoculated. No nitrate 
Inoculated. No nitrate* 
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Uninoculated. Nitrate 
Uninoculated. Nitrate 
Uninoculated. Nitrate 
Uninoculated. Nitrate 
Uninoculated. Nitrate* 
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thinned to six plants to each jar. The plants were harvested 70 days after 
planting. 

The results from this first series are given in table 1 and in figure 2. The 
data indicate that the greatest amount of green weight for the tops of red clover 
and hairy vetch grown in plus nitrate solution was obtained at a pH of 5.5 to 
6.0. The same is true for the bur clover plants which were watered with 
an unbuffered nutrient solution; however, the buffer seems to have stimulated 
plant growth (see jars 10 and 12, table 1). When the above plants were grown 
on a minus nitrate solution but inoculated, the greatest green weights of tops 
were obtained at a H-ion concentration of pH 7.0. Plate 1 shows vetch plants 
which received a minus and a plus nitrate solution. A comparison of these 
plants will show that plants grown on a plus nitrate solution developed normally 
at a pH of 4.5 to 5.8. 

The root development of both the inoculated and the uninoculated plants 
seems to respond better at the neutral range rather than at a higher H-ion 
concentration. It was difficult to determine the amount of inoculation on the 
roots of the plants, the percentage never being large. However, an estimate 
of the percentage inoculation is recorded. It is evident that the greatest 
inoculation was obtained when the plants were grown in a culture solution 
having a pH of 7.0. 

The results from the lespedeza are not reported because the plants made very 
poor growth. However, during the brief period of plant growth it was noted 
that a more normal green plant color was apparent at a pH of 4.5 to 5.0 than 
at a pH of 7.0. It appeared from these observations that the plant actually 
functioned more normally in an acid medium. 

Series II 

As noted under methods, series n was conducted with silica sand which 
was washed with concentrated hydrochloric acid to remove the basic sub¬ 
stances, and then washed with water to remove the acid. No potassium acid 
pthalate was added to the modified form of Crone’s nutrient solution. Velvet 
bean, spotted bur clover, and seredella plants were used in the second series. 
The plants were harvested 91 days after planting. 

It seems quite evident from the results of this series given in table 2 and 
shown graphically in figure 3, that the greatest green weight of roots and tops 
of the velvet bean was made at a pH of 5.8 to 6. This was true for both 
the inoculated and the uninoculated plants. The reader should be reminded 
that the cotyledons of the velvet bean are very large and it may be that this 
latent plant-food stored in the seed affects the plant’s capacity to grow in an 
add medium. 

The seredella and bur dover plants (fig. 3), like the velvet bean, made a 
greater total green weight of tops and roots at a pH of 5.6 than at 7.0. The 
cotyledons on the seeds are very small and should therefore not be a serious 
factor in altering the tolerance of the plant when grown on ah acid medium. 



ACID TOLERANCE OE SOUTHERN LEGUMES 


477 


Plate 2 shows the relationship of plant growth of seredella and bur clover as 
affected by hydrogen-ion concentration. 

Series III 

In series III the plants were grown on a silt loam soil, the pH of which was 
changed as discussed under methods. In this experiment the soil was adjusted 
to include seven different pH values. To vary the hydrogen-ion concentration 



4.5. 5*0 5.5 6*0 €.5 7.0 


pE 0? HUIRIOT? S0LUTI0H 

Fig. 3. Green Weight or Legume Plants Grown in Sand Cultures Watered With 
Crone’s Nutrient Solution Modified to Include Varying 
H-ion Concentration 

2.3 N hydrochloric acid was used, whereas N sodium hydroxide or calcium 
hydroxide was used for varying the OH ion. Calcium hydroxide was used in 
comparison with the sodium hydroxide at a pH of 7.0 only. 

It appeared to the writer that when plants are .grown in culture solutions, 
the pH values of which are modified so as to include various H-ion concentra¬ 
tions, the natural root environment of the plant is completely changed, and 
that the results obtained from a comparison of add tolerance of legumes under 
such conditions, would not be simil ar to that which would be obtained in 
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* Bur clover, crimson clover, and seredella planted January 14,1928, harvested April 1. 

Vetch, sweet clover, Canadian peas, Austrian peas planted February 12,1928, harvested May 2. 
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t Planted November 1,1927, harvested December 20, weight of 3 plants. 







ACID TOLERANCE OF .SOUTHERN LEGUMES 


485 


ordinary field soil studies. For this reason the present experiment was con¬ 
ducted in order to make a comparison with the previous sand cultures. 

The following legumes were used in this series of experiments. Spotted 
bur clover, lespedeza, crimson clover, seredella, hairy vetch, Canadian peas, 
Austrian peas, subterranean clover, Hubam clover, and biennial white sweet 
clover. The bur clover, crimson clover, and seredella were harvested 77 
days after planting whereas the remainder of the varieties were grown 80 days 
before they were harvested. 



Fig. 4. Dry Weight of Legume Plants Grown on Clarksville Silt Loan, the pH or 

WHICH WAS ArTIBICIAILY MODIFIED 

The results from this series are given in table 3. Relative to the rate of plant 
emergence it will be noted that in most cases a pH of 5.5 to 6.0 was most favor¬ 
able to the plant. The extreme acid range as well as a slightly alkaline range 
delayed plant emergence in most cases. The fact that when seeds were sown 
in an alkaline sand culture they germinated and emerged more slowly than 
seeds planted at a neutral range, was also noted by Theron (24). Apparently, 
however, the relationship between the rate of plant emergence and the acidity 
or alkalini ty of the cultural solution in which the seeds are planted depends 
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somewhat on the variety of seeds used, since, as noted in the table, the Austrian 
field peas emerged more quickly at a pH of 5.3 than at 7.0, whereas the Hubam 
clover emerged as soon at a pH of 7.0 as at other ranges on the pH scale. 

The dry weights of tops of the various legumes are shown graphically in 
figures 4 and 5. It is evident from these dry weights that the optimum 
pH for most of the legumes worked with in soil was 6 to 6.5. Certain legumes, 
however, as the seredella, spotted bur clover, and possibly the subterranean 



Fig. 5. Dry Weight op Legume Plants Grown on Clarksville Sidt Loan, the pH op 
which was Artificially Modified 

clover grew as well at a decidedly higher H-ion concentration than the legumes 
previously named. It appears also that varietal differences with reference to 
acid tolerance exist within the same species of plants. Thus although sweet 
clover grows best at a pH of about 6.5 to 7.0 the Hubam sweet clover seems to 
have a wider range of add tolerance and may make a fair growth at a pH of 5. 
> Plate 3 shows dearly the difference in growth response with respect to the 
H-ion concentration of various legumes. It will be noted, that the bur dover 
and Austrian field pea made very good growth at a pH of 4.5, whereas the sweet 
dover required a soil with a pH of 7.0 for its best growth. 
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DISCUSSION 

Coville (6) stated that the cowpea, hairy vetch, crimson clover, soybean, 
lupine, and seredella are useful on acid soil types. Popular agricultural opin¬ 
ion also conveys the idea that the above named legumes are to a considerable 
degree acid tolerant and therefore particularly adapted to many of the acid 
soil regions of the south. The question arizes, is this assumption correct? If 
so, what is the relationship of these varieties on the basis of a comparative 
acidity test? Furthermore has the soil reaction an effect on the plant or on 
the nitrogen assimilating bacteria or both? A good many investigators 
(5,6,11,12,21,22,23,24) have shown that there are differences in the capacity 
of the plants to grow on add soils. Other workers (8, 9) have found that 
there are differences in the nitrogen assimilating bacteria with respect to their 
ability to grow in an acid or alkaline medium. Maclntire (16) believes that the 
harmful effect of soil addity is not on the plant but that it may effect the nitro¬ 
gen assimilating bacteria. Truog (25) has shown that the harmful effect of an 
add soil is due to the lack of calcium available to the plant. Bryan (3) further 
found that the greater the addity of the nutrient solution the less power the 
plant has of obtaining its caldum for growth processes. Other workers (10, 
17,18) have shown that substances in solution in an acid soil may be toxic to the 
plant. The problem, therefore, of soil acidity and the reason for its injurious 
effects on the plant is a complex one in which many factors operate. The 
present work is not an attempt to deal with the harmful effects of an add me¬ 
dium on the plant but a comparative study of some southern legumes with 
relation to their tolerance to soil addity. 

It was noted previously that the mono- and di-potassium phosphates in the 
nutrient solution of series I were not suffident buffer to maintain a constant 
H-ion concentration. Even when 300 cc. of nutrient solution was added to 
the jars daily the pH of the solution was not maintained. This was no doubt 
because of the large amount of sand used, together with the fact that the basic 
substances had not been removed. When this basic material was removed 
with concentrated HC1 as was done for sand used in the second series, it was 
found that the H ion concentration could be maintained if the culture solutions 
were applied daily. 

By adding potassium add phthalate, in concentration of .0052 M, the pH 
values were fairly well maintained. By comparing the green weight of plants 
from jars which received nitrate and were kept at a pH of 7.0, but which re¬ 
ceived the buffer solution, with the jar not receiving the buffer, it will be noted 
that the potassium add phthalate reduced the green weight of red dover 40.3 
per cent and that of vetch 15.6 per cent. On the other hand the green weight 
of the California bur dover (not inoculated) was increased when the buffer 
solution was added, whereas the inoculated plants were little affected. These 
results on the toxidty of the phthalate buffer agree with the findingsof Dustiman 
(7) who found toxidty to the tomato and barley plants when 500 ppm. of 
potassium add pthalate was added to the nutrient solution. 
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The toxicity of the buffer solution to red clover plants was greater when they 
were grown at a pH of 7.0 than at a higher H ion concentration. This might 
partially be due to an unbalanced condition of the nutrient solution at a pH 
of 7.0. It has been shown by Tarr and Noble (23) that about eight-ninths of 
the calcium and less tha n one-half of the magnesium precipitated from solutions 
between the pH values of 3 and 7.59. It appears that in this series, particu¬ 
larly for plants receiving nitrates, the precipitation of much of the calcium in 
eAc e s sn of '" magnesium fromihe solution at a pH of 7 tended, together with the 
buffer solution, to bring about greater toxicity than was obtained at a pH of 4.5 
and 5.8 when the Ca and Mg concentration were present in a more balanced 
relation. Such a balanced relation was noted by Loew (14) to be of extreme 
importance to the permeability of the plant. It is very evident in work 
pertaining to the H-ion concentration in plant growth that analyses be made 
(23) of the salts remaining in solution at the various pH values in order to 
maintain a uniform salt concentration through the series. In the second 
series of these experiments the precipitation of salts from solution was noted 
in the lack of sufficient iron in the medium at the neutral point, and conse¬ 
quently the plants became chlorotic. However, the addition of 5 cc. of a 0.1 
per cent solution of ferric tartrate tended to bring the plants back to normal 
color even at a pH of 7. 

In making a comparison of the uninoculated red clover and vetch plants, it 
will be seen that the greatest growth on a green weight basis was obtained 
at a pH of 5.8. On the other hand the inoculated plants made their greatest 
growth at a pH of 7.0. This would offer one of two suggestions: first, that 
the nitrogen assimilating bacteria were retarded in their development at the 
lower pH value; or second, that the plants were not sufficiently inoculated in 
their early development. If we note, however, that a greater percentage of 
inoculation occurred at a pH of 7 than at a lower pH range, it becomes apparent 
that the first suggestion is in order, namely, that the bacterial growth was 
retarded at the lower pH value and concomitantly plant growth was also re¬ 
tarded. It will also be seen that the plants receiving nitrates made as good 
growth at a pH of 5.6 as at 7.0. These results on the growth of the nitrogen- 
assimilating bacteria are in agreement with Fred’s (8) findings on the growth 
of the alfalfa bacteria in pure culture at varying pH values. The difference 
in growth response of the velvet bean and vetch plant to varying H-ion con¬ 
centration may be observed in plates 1 and 2. 

The results obtained from a comparative test of legumes grown in sand cul¬ 
ture solutions here reported indicate the following gradient of low to high acid 
tolerance: red clover, vetch, seredella, California bur clover, spotted bur 
clover, and velvet bean. 

The data from the third series of the experiment in which the soil reaction 
was changed by the addition of a 2.3 N acid or N base are comparative only, 
since the reaction in the soil could not be kept constant throughout the entire 
period of plant growth. The reader must also keep in mind that no conclusions 
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can be given with respect to modifying factors on plant growth, such as alumi¬ 
num, magnesium, or iron toxicity in the acid range, because these substances 
are brought into solution. All that can be said is that the pH was deter min ed 
at the time the seed was planted and again at harvest. Nevertheless, as 
previously intimated, the results are comparative and, in the mind of the 
writer, the plant growth was more normal and conclusive than that which could 
be obtained in sand or water cultures. 

The data on the ger m i n ation of the various legumes, particularly the sweet 
clover, show that the seed will germinate in very acid soil but that the plant 
dies soon afterwards. Some of the larger type of seed, such as the Canadian 
field pea,„also germinate readily and may even produce good growth in an add 
soil, possibly because of the readily available food in the cotyledons, but sooner 
or later the plants turn yellow and die. These results are somewhat contrary 
to those of Joffe (12), who found that alfalfa plants, even at a pH of 3.S, when 
once established had a normal green color and made good growth. The soil 
used in the present experiment was very low in total nitrogen. However, had 
there been a greater supply of available nitrogen, these plants also might have 
developed at a higher H-ion concentration. 

It appears that the plants here tested grew better at a pH of 6 to 6.5 than at 
a pH of 7.0. The total dry weight of the plants as shown by figure 3 and 
plate 2 was much reduced at a pH of 7.0. It appears that when Ca(OH) 2 was 
used to change the soil reaction to neutrality the plants did not grow as well as 
when NaOH was used for this purpose (see table 3 and figures 4 and 5) in spite 
of the fact that a much better physical condition of the soil obtained with 
Ca(OH) 2 . This better growth when NaOH was used to change the soil reac¬ 
tion was particularly noted in the case of the sweet clovers. This seems to be in 
agreement with the fact that these plants habitually grow well in alkali regions. 
Results from field tests at this station have also shown that legume plants 
grown on soils similar to that used by the writer in this experiment do not re¬ 
spond to lime. These results suggest that the soil when made neutral with 
Ca(OH) 2 had such a high lime content that it tended to precipitate the phos¬ 
phate and that this becomes the limiting factor in plant growth, and therefore 
only legumes with a high lime requirement (26) would be expected to respond 
to this treatment. 

Breaux (2) noted that when lime was added to acid soils, the neutrality was 
not long maintained but that a change occurred in pH within 24 hours. He 
noted that after a period of three months the pH had changed over a range 
of 0.5 to 1.5 units below the initial value produced by liming. In the present 
experiment the pH from the beginning to the time the experiment terminated 
varied from 0 to 0.5, depending on the H-ion concentration of the soil at the 
tim e the experiment was started. When the pH of the soil was artificially 
altered from the normal of 5.9 to that of 7.0 or 7.5 then during the period of 
the experiment a change of 0.5 pH was noted, but when the normal pH of the 
soil was not changed over 0.5 to 1.0 very little change in pH occurred during the 
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period of the experiment, though fluctuations may have occurred during the 
term of the experiment. Bauer (1) noted variations in the H-ion concentra¬ 
tion of soils with different moisture contents and he suggested that these 
periodic pH fluctuations should be considered in soil acidity studies. Such 
periodic measurements were not made in this experiment, but the extent of such 
changes from time to time would depend upon the buffer capacity of the soil. 

A study of figures 4 and 5 will show that there is a marked variation in 
the capacity of the various legumes to grow on acid soils. Seredella and sub¬ 
terranean clover were particularly able to make good growth in a relatively 
add medium whereas the sweet dovers grew better in a more neutral soil. 
The range of add tolerance for this last series in which the pH of the soil 
was modified from high to low addity is as follows: seredella, subterranean 
dover, vetch, bur dover, Austrian field pea, soybean, Canadian field pea, crim¬ 
son dover, Hubam dover, and biennial white sweet dover. 

In experiments concerned with symbiotic forms, such as are reported here, 
one questions how the host can adapt itself to a relatively add soil when the 
bacterial organism prefers a neutral medium. To this effect Fred (9) has 
shown that some forms of the nitrogen assimilating bacteria, as the lupine 
form, are able to make good growth at as low a pH as 3.2 whereas such forms as 
alfalfa bacteria can devdop at a pH no higher than 4.9. Thus it may be par¬ 
tially for this reason that the seredella plant, for instance, can make better 
growth in add soil than some of the other forms of legumes here used. How¬ 
ever, it appears that if the soil is well supplied with nitrogen, many of the 
legumes here tested can make considerable growth in a comparatively add 
soil. 


SUMMARY 

The present investigation is a comparative add tolerance test of southern 
legumes. The legumes were grown in a modified form of Tatr and Noble's 
basal culture solution with and without potassium add phthalate; modified 
form of Crone's solution; and Clarksville silt loam soil, the pH of which was 
changed by addition of an add base, 

1. It was found that, when 10 hgm. of pure silica sand was used, it was impossible to main¬ 
tain a constant pH, even If the culture solution was added daily in large amounts. Potassium 
add pthalate used at 0.005241 strength during the drat half of the experiment and one-half 
that amount during the last half of the test, tended to keep the pH constant if the nutrient 
solutions were added daily ox every 48 hours. 

X ToxSctty of pota^rittin aodpthalate was noted In the case of red clover and vetch where- 
as it actually stimula t ed the growth of California bur clover* 

3. TOtealkgmw of p«re Ottawa sffica sand was used, 
torted hydrogen chloride and washed free of add, the pH could be maintained constant 
aiwtidedaho^t200<^ciO)Q^ IhepHof the soforioxa 

altered wi&tttrnml hydrogen chloride andsod&un hydforide* 

& Ute c€ the opn^parathe legumes tests on sand cultures show the following 
tee of Sow to high aridity, red dover, vetefe, B«ede fl a» OaWtyria biaj 
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5. Results from the first series of the experiment tend to show that the vetch and bur clover 
plants can grow on a decidedly acid solution, provided nitrates are present. If, however, 
nitrates are not present but when the plants were inoculated such good growth in an acid range 
was not noted. 

6 . When the pH of soil was changed by the addition of an acid or base, the hydrogen ion 
was approximately maintained over a period of six and eight weeks provided the soil had first 
come to an equilibrium. 

7. The best growth of most legumes was produced at a soil reaction of pH 6.0-6.8. When 
sodium hydroxide was used to change the reaction it destroyed the physical properties of the 
soil but some plants, particularly sweet clover, seemed to grow better when sodium hydroxide 
was used to change the reaction than when calcium hydroxide was used under s imilar hydrogen 
ion concentrations. This was particularly true when the soil was brought to a pH of 7.2 
and 7.4. 

8 . The following range of acid tolerance was noted among legumes when grown on soil, 
ranging from high to low acidity: seredella, subterranean clover, vetch, bur clover, Austrian 
field pea, soybean, Canadian field pea, crimson clover, Hubam clover, and biennial white 
sweet clover. 
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PLATE 1 

Vetch Plants Grown in Sand Culture Solutions Maintained at Different pH Values 

Fig. 1. Inoculated, received a minus nitrogen culture solution. Solutions 25 = pH 4.5, 

23 = pH 5.8,27 = pH 7.0. 

Fig. 2 . Uninoculated, received a plus nitrogen culture solution. Solutions 22= pH 4.5, 

24 = pH 5.8,28 = pH 7.0. 
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PLATE 2 

Legume Plants Gro\vn in Sand Cultures Maintained at the pH Indicated. Inocu¬ 
lated Plants Received the Nitrogen in the Culture Solution 

Fig. 1. Velvet bean. 

Fig. 2. Seredella. 
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PLATE 3 

Legumes Grown on Soil, the H-ion Concentration of which was Adjusted as 

Indicated 

Fig. 1. Canadian pea. 

Fig. 2. Austrian pea. 

Fig. 3. Biennial white sweet clover. 

Fig. 4. Spotted bur clover. Note L indicates Ca(OH)i used to change soil reaction. 
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LABORATORY MANUAL OF FIELD ECOLOGY by V. E. 
Sheleord, to be published about June 5, probable price $10.00. 

THE CHILD’S HEREDITY by Paul Popenoe, to be published 
about July 3, probable price $5.00. 


AGENCIES IN FOREIGN 
COUNTRIES 

B. WESTERMANN CO., INC., 
35-41 Zimmers traase, Berlin, 
Germany 

THE COMMERCIAL PRESS, 
Paoshan Road, Shanghai, China 

MARUZEN COMPANY, 6 Ni- 
honbashi Tori-Nichome,Tokyo, 
Japan 

BAILLIfiRE, TINDALL & COX, 
8 Henrietta Street, Covent Gar¬ 
den, London, W. C. 2, England 

ANGUS & ROBERTSON, LTD., 
89 Castlereagh Street, Sydney, 
Australia 

MEZHDUNARODNAYA 
KNIGA, Kuznetskii Most 18, 
Moscow, U. S. S. R. 

DOMESTIC AGENCIES 

G. E. STECHERT & CO., 31 
E. 10th Street, New York City 

ARTHUR W. ISCA, 210 South 
Seventh Street, Minneapolis, 
Minn. 

J. A. MAJORS COMPANY, 
Medical Arts Building, Dallas, 
Texas 

J. A. MAJORS COMPANY, 1301 
Tulane Ave., New Orleans, La. 

J. W. STACEY, Medical, Scien¬ 
tific and Reference Books , 228 
Flood Bldg., San Francisco, 
Calif. 

CHICAGO MEDICAL BOOK 
COMPANY, Medical Booksell¬ 
ers , Publishers and Importers, 
Congress and Honore Streets, 
Chicago, HI. 

TECHNICAL BOOK CO., 
Underwood Bldg., 525 Market 
St, San Francisco. Calif. 

T. H. McKENNA, 124 East 60th 
Street, New York City, N. Y. 

B. WESTERMANN & CO., 13 
West 46th Street, New York 
City, N. Y. 
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SOIL SCIENCE 


PRINCIPLES 

OF SOIL MICROBIOLOGY 

By SELMAN A. WAKSMAN 

Associate Professor of Soil Microbiology, Rutgers College , 
and Microbiologist of the New Jersey Agricul¬ 
tural Experiment Station 

Dr. Waksman's book is the first really comprehensive text book on 
the subject to be published in the English language and the most exhaus¬ 
tive ever published in any language. 

Special Features Include: 

Occurrence and distribution of microorganisms in the soil; methods 
of isolation, cultivation; physiological activities. 

Chemical processes induced and their influence upon plant growth. 
Decomposition of celluloses, proteins, lignins, etc. 

A study of soil as a medium for pathogenic organisms causing plant 
and animal diseases. 

Of interest to soil microbiologists, chemists, physiologists, bacteri¬ 
ologists, agronomists, scientific farmers, foresters. 

Principles of Soil Microbiology is one of those occasional books 
of such wide and general usefulness that everyone who has the least 
interest in the subject should own a copy. Libraries and laboratories 
should have several copies. 

Blue silk 4 Gold stamped 897 pages Illustrations 

Subject and Author Index 

Price, $10.00 

Send your order to: 

THE WILLIAMS & WILKINS COMPANY 

Publishers of Scientific Boohs and Periodicals 

BALTIMORE, U. S. A. 
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Digest of American Agriculture 

Reaching the Vast Purchasing Power of the 100,000,000 Russian Ukrainian and Siberian FARMERS 
Through County Agents, Agricultural Colleges and Experiment Stations, Co-operative Organizations, State Purchas¬ 
ing Agencies, Department of Agriculture in U. S. S. R. 

EDITED BY 
D. N. BORODIN 


A Journal Devoted to Americanization of Russian 
Agriculture. Widely Circulated in the Union of 
Socialist Soviet Republics. An Important Adver¬ 
tising Medium for Those Interested in the Russian 
Market. Advertisements Translated Free of Charge. 

RATES ON APPLICATION 
Published By 

Russian Agricultural Agency in America 

Inc. 

136 Liberty Street, New York, N. Y„ U. S. A. 


“SCIENTIFIC AGRICULTURE” 

The only monthly magazine published in 
Canada which deals exclusively with agri¬ 
cultural research, extension, education, 
experimentation, etc. 

Those who wish to keep in touch with the 
work of professional agriculturists in Can¬ 
ada should subscribe to this journal, which 
is now in its ninth volume. 

“Scientific Agriculture” is owned, edited 
and published by the Canadian Society of 
Technical Agriculturists, which was organ¬ 
ized at Ottawa in 1920 and already has over 
1,000 members. 

One volume is issued each year. Each 
issue contains about 80 pages. 

Price $8.00 per year 
SOLD ONLY BY THE PUBLISHERS 

THE CANADIAN SOCIETY OF 
TECHNICAL AGRICULTURISTS 

P. O. Box 625, Ottawa, Canada. 


COMMERCIAL FERTILIZER 

A trade paper published in the 
heart of the fertilizer industry 


Covering the whole field of the fertilizer in¬ 
dustry from the chemical analysis and manu¬ 
facture to marketing. 

Of particular interest to chemists, agronomists 
and instructors seeking the component of their 
work—the manufacture and sale of commercial 
fertilizers. 

YEAR BOOK containing reports, tabulations, 
names and officers of all fertilizer factories, and 
other valuable information for those interested 
in fertilizers and the allied industries—free 
with year’s subscription. 

SUBSCRIPTION PRICE $2.00 
CANADA $2.50; FOREIGN $3.00 

Commercial Fertilizer 


255 IVY STREET 


ATLANTA, 


GEORGIA 
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8 SOIL SCIENCE 

The Logic of It 

Is This: 1. Phenomenal advances have been made in medical science in 
the last 50 years. 

2. The new knowledge is not, as yet, the property of the public. 

3. Applications of this new knowledge must therefore be much 
less than complete, until the knowledge is diffused. 

4. So therefore, there is now published 

MEDICINE: ITS CONTRIBUTION 
to Civilization 

By EDWARD B. VEDDER 

A book chiefly intended for the general reader , which sets forth: 
The Predisposing Causes of Disease; The Rationale of Pre¬ 
vention of Infectious Diseases; The Preventive and Protective 
Measures Associated with Nutrition; A Discussion of Glandu¬ 
lar Diseases; A Discussion of Degenerative Diseases; How 
Disease has been Controlled; The Increase of Longevity; The 
Cancer Problem, (This chapter criticized and annotated by 
Joseph C. Bloodgood); A Description of Modern Preventive 
Medical Methods. 

SOLD ONLY BY 

THE WILLIAMS & WILKINS COMPANY 

Publishers of Scientific Books and Periodicals BALTIMORE, U. S. A. 

K =-—. " = ...■ - . --- " ' - . 

A pioneer book presenting a new viewpoint in a relatively unexplored 
• field of biology. 

Laboratory and Field Ecology 



A Book 
You 

Will Want 
to Read 
and 

Recommend 

% 

CLOTH 

6X9 

ix 4* 388 PAGES 
$5.00 


The Responses of Animals as Indicators of 
Correct Working Methods 

By VICTOR E. SHELFORD, Professor of Zoology > University of Illinois 


The result of ten years experimental research 
aimed at the discovery of the way and conditions 
of life of animals in nature and at their trans¬ 
plantation into the laboratory for scientifically 
controlled experiments, simulating climate and 
other natural conditions as closely as possible. 

Six chapters define the viewpoint of animal 
ecology and state the problems. Other chapters 
deal with the relations of organisms to particular 
environmental factors and with the measurement 
and control of these factors. 


The New Book Offers: 

1 An Introduction to Ecological Experi¬ 

mentation with Animals 

2 A Practical Guide for Field and Labora¬ 

tory Work 

3 A Detailed Description op Technique and 

Apparatus 

Cloth. 6x9. xi -}- 595 pages and index. Two 
Hundred and Nineteen Illustrations. Bibliography 
of 1000 References. Appendix giving Methods of 
Record Keeping; Equipment and Apparatus; Cost of 
Materials and Equipment; Sources of Supply. 


£ 10.00 
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